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PREFACE. 



Xo apology is necessary in presenting a work on 
aluminium in English. In 1858 Tissier Bros, pub- 
lished in France a small book on the subject. 11. 
St. Claire Deville, the originator of the aluminium 
industry, published a treatise, also in French, in 
1859. Deville's book is still the standard on the 
subject. Until December, 1885, we have an inter- 
mission, and then a work by Dr. Mierzinski, 
forming one of Hartleben's Chemisch-Technische 
Bibliothek, which is a fair presentation of the 
industry up to about 1883, this being a German 
contribution. Probably because the English- 
speaking people have taken comparatively little 
hand in this subject we find no systematic trea- 
tise on aluminium in our language. The present 
work aims to present the subject in its entirety to 
the English reader. 

Tissier, Deville, Mierzinski, and the German, 
French, and English scientific periodicals have 
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been freely consulted and cxtrac^tcd from, full 
credit being given in each cawe to the auilior or 
journal. As this art has of late advanced ho 
raf)idly it has been a flf)ecial aim to give every- 
thing that has been printed up to the time of pub- 
lication. 

The different parts of the work are arranged in 
what seemed their logical order, corresponding 
closely to that followed by Deville. The j\i)i)endix 
contains an account of laboratory exi)erimentH, etc., 
several of which, it is trusted, may be of value. 

In conclusion, the author wishes to thank the 
faculty of his "Alma Mater," Lehigh Univerrfity, 
for their permission to use his Thesis on Alumin- 
ium as the basis of this treatise; also, to ac^knowl- 
edgo his indebtedness to Dr. Wm. 11. (Jreene, of 
Philadelphia, for assistance rendered in the prep- 
aration of the work for the press. 

J. W. 11. 
PiiiLADKLrniA, November 25, 1880. 
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PART I. 

HISTORY OP ALUMINIUM. 

Lavoisier* first suggested the existence of metal- 
lic bases of the earths and alkalies. The first 
researches in the prcpanition of aluminium date 
back to 1807. Davy tried, but in vain, to decom- 
pose A1*0* by an electric current, or to reduce it 
by vapor of potassium. Oerstedt, in 1824, believed 
he had isolated aluminium. lie decomi)Osed anhy- 
drous A1*C1' by K amalgam, and he obtained, 
along with some K( -1, an anialgam which decom- 
posed by heat furnished him a metal resembling 
tin. It is probable that he employed either some 
moist AlHDl* or K amalgam which contained KOII, 
for it is only when wetted with a solution of KOII 
that aluminium alloys with mercury; for, when 
Wohler, later, wished to prepare aluminium by 
this method, he found it impossible to obtain an 
Al amalgam when he employed materials pure 

* Frcmy, Ency. 
8 
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and dry. Nevcrthelcfls, the method of Oerstedt 
iiuirkH an epoch in the history of the science, for 
in 1827 Wohler isolated aluminium by decomposing 
APUl* by K. The metal first isolated by Wohler 
was a gray powder, taking under tlie polisher the 
brilliancy of tin. It was very easily changed, 
because of its extreme division, and also because 
it was mixed with the K or Al'Cl* used in excess. 
At that time no further use was made of these 
facts. Later, in 1845, on making vapor of APOl* 
pass over potassium placed in platinum boats, 
Wohler obtained the metal in small, malleable 
globules of metallic appearance, from which he 
was able to determine the j)rincipal properties of 
aluminium. ]3ut the metal thus obtained was 
scarcely as fusible as cast iron, without doubt 
because of the i)latinum with whicli it had alloyed 
during its prei)aration. In addition to this, it 
decomposed water at 100^, from which we suppose 
that it was still impregnated with K or APCl*. It 
is to ir. St. Claire Deville that the honor belongs 
of having in 1854 isolated aluminium in a state of 
almost perfect purity, determining its true proper- 
tics. In commencing researches on aluminium, 
Deville, while he applied tlie method of Wohler, 
was ignorant of the latter's results of 1845. Besides^ 
he was not seeking to produce aluminium that he 
might turn its valuable pro])erties to practical ac- 
count, but that it miglit serve for the i)roduction 
of AlO, which he believed could exist as well as 
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FeO. The ulumiuiuin lie wislietl to pri»i)are would, 
be thought, by its further reaction on Al'Cl* form 
AlCl*, from which he might derive AlO and the 
other proto-salts. But this proto-ehloride was not 
thus produced ; he obtained, enclosed in a mass of 
A1*C1*.2KCI, fine globules of a brilliant substance, 
ductile, malleable, and very light, capable of l>eing 
melted in a muffle without oxidizing, attacked 
by UNO with difficulty, but dissolved easily by 
IICl or KOII with evolution of hydrogen. Recog- 
nizing the importance of these proi>ertics, which 
he proceeded to investigate and establish, and 
fearing to see the honor of his discovery pass into 
other hands, Deville immediately commenced 
research for an economic process to produce alumi- 
nium. The task was difficult, for the metal could 
only be isolated from its chloride or fluoride by 
potassium or sodium, of which only the former 
was knowMi at that time. Moreover, iK)tassium 
cost then 900 fr. per kilo, was extremely dangerous, 
and gave only a small return of aluminium. 
Deville succeeded in advantageously replacing 
potassium by sodium, and introduced such im- 
provements into the manufacture of the latter that 
he reduced the cost of a kilo from 2000 fr. in 1855 
to 10 fr. in 1859. In order to produce aluminium 
cheaply, he busied himself also in the economic 
production of APO*, which gave later a lively 
impulse to the cryolite and bcauxite industries. 
The researches of Deville, at first undertaken in 
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tho laboratory of tlic Normal Scliool, Parifl, were 
ai'terwardH continued on a larger Mcalo, tLaukH to 
the liberality of tlie Emperor Napoleon III., at 
the chemical works of Javel. At tliis works were 
made the ingots and divers objects of aluminium 
which figured at tlie J^aris Exhibition in 1855. 
Later, after new experiments made together at the 
Normal School, I^eville, If. Debmy, and P. Morin 
set up a plant to make aluminium on a large scale 
at Messrs. Rousseau Brothers' works at Glacifere. 
The primary method there received many improve- 
ments. ]jater on it was still further improved 
under tlie direction of P. Morin at the works in 
Nanterre. At last, in the works of Messrs. Merle 
& Co., at Salindres, it has reached its present stage 
of advancement. 

Tissier JJros. wrote and published a book entitled 
'liecherches sur TAluminium* in 1868. These 
brothers were employed in the experiniijnts which 
Deville superintended at the laboratory of the 
Normal Hchool, J'aris, and Deville charges that 
after learning the important results of his experi- 
ments they suddenly left him, taking drawings of 
furnaces, details of proctisses, etc., and started works 
themselves. J)eville was very bitter against them, 
and this ill-feeling was increased by the following 
incident: Deville was collecting material to write 
a book on the subject, whicJi he almost regarded as 
his prerogative, seeing that he had, so to speak, 
created the industry ; but, before he had completed 
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it, Tiftsier Bros, published theirs. In order not to 
be too far behind, Deville hastened the conii»le- 
tion of his book, by doing which he was unable 
to make it as full as he had wished, and published 
it in September, 1859. Several sharp letters passed 
between Deville and the Tissiers, which may be 
seen in the Compt. Rend, or Ann. de Chem. et de 
Phys. A. Tissier, in his book, thus describes the 
formation and history of his works : In July, 1855, 
Messrs. Mal^tra, Chanu, and Davey, of Rouen, 
formed a company to produce aluminium, and we 
were entrusted with the organization and special 
charge of the industry. The conmiencement was 
beset with difficulties, not only in producing, but 
in using the metal. It then sold at $200 per kilo, 
the price being an insurmountable obstacle to its 
employment in the arts. The small capital at our 
disf>osal was not enough to start the industry, to 
pay general expenses, and the losses occasioned by 
the many experiments necessary. On February 
28, 1856, the society was dissolved. In April, the 
same year, Mr. William Martin, struck by the 
results already obtained, and sanguine of greater 
success, united with us. From that time daily 
improvements confirmed M. Martin's hopes, and 
in 1857 the works at Amfreville-la-mi-Voie, near 
Rouen, sold the metal at $60 per kilo ($2.00 per 
oz.). The laboratory of this works was devoted 
to researches on everything concerning the produc- 
tion and application of aluminium. M. Martin 

3» 
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liiirt our flincore gmtitndc for the kindness with 
wliicli lie HO williiij^ly encouraged and contributed 
to tlic i)rogreHH of tlio manufacture of "this wou- 
derful metal." 

Deville, aw Htatcd above, publiwhed his book in 
Rei)tem))er, 1859, and lie concludes it with these 
wordn : " I have tried to hIiow that aluminium may 
become a UHcful metal by studying with care its 
l)hyHical and chemical properties, and showing the 
actual state of its manufacture. As to the place 
which it may occupy in our daily life, that will 
depend on the public's estimation of it and ite 
conmiercial price. The introduction of a new 
metal into the tinagi^s of man's life is an operation 
of extreme difficulty. At first, aluminium was 
Rl)oken of too highly in Home piiblications,«w*hich 
made it out to be a preciouH metal ; but lat^r these 
CHtimatcH have dei)reciated even to the point of 
connidering it attackable by i)ure water. The 
cauHC of thin is the denire which many have to see 
taken out of common field mud a metal superior 
to Hilver itHclf; the opponite opinion established 
itnelf because of very impure Hpecimens of the 
metal which were put in circulation. It seems 
now that the intermediate opinion, that which I 
liave always held and which T express in the first 
lincH of my book, in becoming more public, and 
will slop the illuHioiiH and exnggerated beliefs 
which can only be ])rcjudi(rial to the adoption of 
aluminium as a UHcful metal. Moreover, the in- 



I 
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dufttry, established as it now is, can be the cause 
of loss to no one ; as for myself, I take no account 
of the large part of my estate which I have devoted, 
but am only too happy, if my efforts are crowned 
with deiinite success, in having ma<le fruitful the 
work of a man whom I am pleased to call my 
friend — the illustrious Wohler." 

As early as 1856 we find an article in an Ameri- 
can magazine* showing that there were already 
chemists in the United States sjiending time and 
money on this subject. The following is the sub- 
stance of the article alluded to: "Within the 
last two years Deville has extracted 50 to 60 lbs. 
of aluminium. At the present time, M. Rousseau, 
the successor of Deville in this manufacture, pro- 
duces aluminium which he sells at $100 per pound. 
No one in the United States has undertaken to 
make the metal until recently Mons. Alfred Mon- 
nier, of Camden, N. J., has, acconling to the 
statement of Prof. James C. Booth in the ' Penn. 
Inquirer,' been successful in making sodium by a 
contitmous process, so as to procure it in large bars, 
and has made aluminium in considemble quantity, 
specimens of which he has exhibited to the Fmnk- 
lin Institute. Mons. Monnier is desirous of forming 
a company for the manufacture of aluminium, and 
is confident that by operating in a large way he 
can produce it at a much less cost than has hcreto- 

* Mining Magazine, 1856, vii. 817. 
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fore been realized. We would suggest the pit)- 
priety of giving aid to tliis manufacturer at the 
expense of the government, for the iuti^oduction of 
a new metal into the arts is a matter of national 
importance, and no one can yet realize the various 
and innumerable tises to which this new metal may 
he applied. It would he (piite proper and consti- 
tutional for Congress to appropriate a sum of 
money, to be expended under the direction of the 
Ke<Tetary of the Treasury in the improvement of 
this branch of metallurgy, and in testing the vahie 
of the metal for coinage and other public use." 

In the next volume of the 'Mining Magazine'* 
there is a long article by Mr. W. J. Taylor, con- 
taining nothing new in regard to the metallurgy 
of aluminium, but chiefly concerned in calculating 
theoretically the cost of the metal from the raw 
nuiterials and labor required by ] )evi lie's proccaaes, 
and concluding that it is quite possible to make it 
for $1.00 per i)Ound. 

In 1S74 we have the following risumi by Kerl k 
Stohnian: "Deville first worked under the direc- 
tion of the I'aris Academy ; later, the Emperor 
Nai)oleon gave him great encouragement, by means 
of which he succeeded in i)roducing several kilos 
of aluminium, which were shown at the exhibition 
in J^iris, 1S55. With the experience thus gained, 
])(iville took possession of Rousseau liros.' chemi- 

* Mlniiif^ Magazine, viii. 107 and 228. Proc. Ac. Nat. Set., 
Jan. 1H57. 
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cal works at I^a Glaeiere, near Paris. It soon fol- 
lowed that the price of aluminium was reduced 
from 1000 fr. per kilo to 300 fr. After a short 
time the undertaking was enlargeil, and the manu- 
facture removed to Nanterre and Salindres. The 
last named works, under the management of 
Usiglio, went into the possession of Merle. New 
advances made a further reiluction in pric*o to 
200 fr. possible. In 1862 the price was put down 
to 130 fr. Another works was then established at 
Amfreville, near Rouen. This was on a larger 
scale than that at Nanterre, for while in 1859 the 
latter produced 60 kilos, the former produced 80. 
In England the first manufactory was established in 
1859, at Battersea, London ; and the next year Bell 
Bros, started at Newcastle-on-Tyne. Germany as 
yet possesses no aluminium works." 

The further we get away from an age the better 
able are we to write the true history of that age. 
And so, as years pass since the labors of Wohlcr, 
Deville, and Tissier, we are now able to see better 
the whole connected history of the development 
of this art. Dr. Clemens Winckler gives us a 
comprehensive retrospect of the field seen from the 
standpoint of 1879, from which we condense the fol- 
lowing:* The history of the art of working in alu- 
minium is a very shoii; one, so short that the present 
generation, with which it is contemporary, is in 

* Industrie Blatter, 1879; Sci. Am. Suppl., Sept. C, 1879. 
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danger of overlooking it altogether. The three 
international exhibitions which have been held in 
Paris since aluminium first began to be made on a 
commercial scale form so many meniorials of its 
Ciireer, giving, as they did, at almost equal intervals, 
evidence of the progress made in its application. 
In 1855, we meet for the first time, in the Palais de 
rindustric, with a large bar of the w^onderfal 
metal, docketed with the extravagant name of the 
"silver from clay." In 1867 we meet with it 
again, worked up in various forms, and get a view 
of the many difficulties which had to be overcome 
in producing it on a large scale, purifying, and 
moulding it. We find it present as sheets, wire, 
foil, or worked-up goods, polished, engraved, and 
soldered, and see for the first time its most impor- 
tant alloy — aluminium bronze. After a lapse of 
almost another dozen years we see at the Paris 
exhibition of 1878 the maturity of the industry. 
We have passed out of the epoch in which the 
metal was worked up in single specimens, showing 
only the future capabilities of the metal, and we 
see it accepted as a current manufacture, having a 
regular supply and demand and being in some 
regards commercially complete. The despair which 
has been indulged in as to the future of the metal 
is thus seen to have been premature. The manu- 
facture of aluminium and goods made of it has 
certainly not taken the extension at first hoped 
for in its behalf; the lowest limit of the cost of 
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niaDufacture was soon reached, and ahunitiium 
remains as a metal won by expensive operations 
from the cheapest of raw materials. 

To France is due the merit of having been the 
first country to carry out Wohler's procesn on a 
practical scale, and to have created the aluminium 
industry. France seems to be the only country in 
which the industry is able to prosper. The Knglish 
establishment at Xewcastle-on-Tyne by Bell & Co. 
did not succeed, and has been shut up now for 
about five years. The German manufactory, set 
up in Berlin by AVirz & Co., cannot be said really 
to have livefl at all ; it drooped befoi^e it was well 
started. In France, the great chemical works of 
II. Merle & Co., Salindres, carries on the extraction 
of aluminium, and the Societe Anonyme de T Alu- 
minium, at Xanterre, works up the metal. Both 
firms were represented at the exhibition in 1878. 

The most rational use indicated for aluminium 
by reason of its low specific gmvity is the making 
of beams for balances. Sartorius, of Gottingen, 
was the first to make these light and unalterable 
beams of an alloy of 96 aluminium and 4 silver. 
lie has had but few imitators. There are several 
reasons why the metal is shown so little favor by 
mathematical instrument makers and others. First 
of all, there is the price; then the methods of 
working it are not everywhere known ; and further, 
no one knows how to cast it. Molten aluminium 
attacks the common earthen crucible, reduces silicon 
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from it, and boroiiu^H ^niy and brittle. TIiih iiicon* 
v(Mru»ii<'(j \h oviTcoine by UHiiig limo cruciblcH, or 
by linint? an oartluni cnu'iblowitb carbon or strongly 
burnt ( ryollfo <'lay. If anyone would take up the 
(?astin(^ of ahnniniinn and 1)ring it into voguo afl a 
<^urr<Mit in<lustrial oponition, tbero is no doubt that 
tli<t irKttal wotild b<} more freely UHcd iti tho finer 
bniiK^Iu^H of ])ra<'.tical inecbanieH. The prices per 
kilo (|not(Ml in the lant liHt isHued by tho Soei^te 
Anonynje are aH follown: — 

Amimintum. 

HfirH 180 fr. 

HhcctH (0.5 to 0.1 mill, thick) . 185 '' to 100 fr. 
WIrf! (15 to 8 mm. diaiii.) . . 170 ♦♦ " 300 •• 

Amjmtnmim Hhonzk (10 percent, ninmlnlum). 

HfirH 18 fr. 

SiicrtH (2 to 0.5 mm. thick) . . 34 '' to 80 fr. 
Wire (7 to 1 mm. diiiiii.) . . . 28 " to 89 " 

Tluj ])r<H!(»din/^ pa])(?r of Dr. Winckler, oh He re- 
inarkH, rbronieleH tlu! j)erf(5etion of Deville'n pro- 
(M!HHeH, when ahnniniinn waH made an ehoiiply 
aH it eonld possibly be by tlieH(», metlKwlH. IJut, 
about tbiH time an ahnninium workH wan Htart.e(l 
in IJirminj::liaTn, Kngland, l)y Mr. WebHUjr, which 
ban ^rown to \m on(» of tlie largewt in tlie world. 
Mr. W<?l)Ht(;r owim m^veral jMitcjntH on j>ro(!eHHC8 of 
bin own, wbi(.*b will lu^ found dcHcriixMl in their 
proper plae(!H. 

In the UniU'd KtatcH one of the mont prominent 
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chemists engaged on alntninium is Colonel William 
Frishmuth, of rhiladelphia. The following article 
gives an account of his invention :* " Some months 
ago, we puhlished in the ' Star' the fact that Ck)lonel 
William Frishmuth, well known in this city fop 
many years, has discovered a method for pro<lneing 
aluminium at reduced cost. Comments were made 
in various quarters as to the real value of the discov- 
ery, some of which even questioned the jiossibility 
of producing the metal by this process, which is 
stat<Kl to produce it from South Carolina corundum, 
using sodium as a reagent. Meanwhile patents 
have been taken out in this and foreign countries, 
and preliminaries are fairly under way to test the 
process practically. It did not seem too much to 
hope when the publication was made that Ameri- 
can capitalists would at once make investigation of 
Colonel Frishmuth 's discovery, learn whether the 
results were even measurably up to the promise, 
and in that event secure to themselves a commercial 
plant so extremely important. It has, however, 
jfallen to capitalists abroad to obtain control of the 
patent At the present time Major Ricarde-Seaver, 
F.II.S.E., late Government Inspector of Mines, 
London, is in this eity as an expert to examine the 
process and its practicability on behalf of these 
capitalists. A reporter endeavored to obtain from 
Major Seaver his opinion of the process, but he 

* Philadelphia Evening Star, November 15, 1884« 
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stated that his opinion could not be made public 
Mr. Seaver said in reference to ahiminium : ' Some 
of the best minds in Europe have been studying 
for years the problem of producing the metal 
cheaply. Scientists in France and Germany and one 
in Geneva have been at work on it a long time. 
As to the possibility of producing it so that it 
could be used as an alloy for iron and steel, that is not 
to be expected unless it could be produced at much 
less than a dollar per pound. As to the possibility 
of doing that by this process, I am not at liberty 
to speak. The work here has so far been merely 
on an experimental scale. As scientific men know 
by many experiences, disappointments are some- 
times met with when they leave the experimental 
field and work is attempted on a commercial scale 
for business purposes. I am, however, very much 
pleased with what I have seen here, and, as I have 
said, while scientific men all over Europe have been 
investigating the problem, it seems to be solved 
here. I am certainly satisfied that aluminium can 
be produced by Frishmuth's process, there is some 
metal made by it, and there will be a display of it 
at the New Orleans exhibition. Even if it can be 
made very cheap by this process, it is not probable 
that anything more would be done by the parties I 
represent than to supply the market at a fair price, 
just as the Rothschilds, who own the great quick- 
silver mines of the world, regulate the supply by 
the demand.' " 



\ 
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Colonel Frishmuth's works are at Rush and 
Amber streets, near the Richmond coal wharves, 
Philadelphia. He seems to be kept buny, and his 
metal is on the market ; an analysis of it will be found 
in the Appendix. It can be bought from Bullock 
& Crenshaw, Philadelphia. He cast the tip of the 
Washington Monument, which weighs one hundred 
ounces, one of the largest single eastings of alumin- 
ium ever made. As far as is known, he is at pres- 
ent the only producer of pure aluminium in the 
United States. His metal is sold in baw at about 
fifteen dollars per pound. In the Philadelphia city 
census of 1884 he is placed as employing ten men, 
and his annual product is valued at $18,000. Mr. 
Frishmuth melts down quantities of aluminium 
scrap, and the author has been unable to learn, ex- 
cept from Mr. Seaver's statement, that Mr. Frish- 
muth produces any aluminium by his process. Mr. 
Seaver represented an English syndicate which 
stands ready to buy out all patents of any value 
which appear on aluminium ; they possess large 
capital, and are said to be ready to pay an immense 
sum for any practical, cheap process for producing 
the metal. 

In the Mineral Resources of the United States, 
1883-4, we find a few statistics as to the amount 
of aluminium made in recent years. It is there 
stated that in 1882 there were 2350 kilos made in 
France. The price of tlie American metal ranged 
from $0.75 to $1.00 per troy ouiicc in 1883 ; and 
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from $0.50 to $1.00 per oinice in 1884, according 
to quantity. The amount imported and entered for 
conHurnption in the United States from 1870 to 1884 
\H m follows : — 

Year cndfrij; Juno 80, Quantity (pounds). Value. 

iniU • • . .... 9 Vo 

iH7l • • • .... 841 

1872 

1873 2 2i 

1874 088 2125 

1875 484 1855 

1876 189 1412 

1877 181 1551 

1878 251 2978 

1870 284 8428 

1880 841 4042 

1881 517 6071 

1882 566 6459 

1888 486 5079 

1884 590 8416 

Until recently the aluminiun sold in the United 
KtatoH was entirely of foreij^n origin, biit it is now 
produced in this country hy Colonel FriHhmuth, 
of J?hiladel[)hia, who turned out 1000 ounceB of 
the metal in 1883, and 1800 ounces in 1884. The 
aluminium cap or apex of the Washington Monu- 
ment was cast by him ; it is of pyramidal form, 
10 inches high, inches on a side of its base, and 
weighs 8J pounds (see p. 58). 

Within the hist two years a process lias been 
invented and brought into practical use whicli has 
Borved to bring the metallurgy of aluminium into. 
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very general attention. The Cowles' process, the 
discovery and details of which will be given further 
on, is due to two Cleveland gentlemen, and they 
seem to be developing all that is in their process. 
They make no pure metal, but sell the alloys, 
principally aluminium bronze, the latter of good 
quality, and at a nmch lower price than it was 
ever sold before. If they can make it profitable 
to sell the bronze at the price which they now 
quote, the permanent success of their process is 
assured. Mr, Charles F. Mabery, of the Case 
School of Applied Science, Cleveland, is their con- ' 
suiting chemist, and Dr. T. Sterry Hunt, of Mon- 
treal, seems to be very much interested in the pro- 
cess from a scientific point of view. Mr. Mabery 
gives his views as to the present state of the alumi- 
nium industry as follows: ^^The aluminium ot 
commerce has been made chiefly in France by 
Deville's old method. Several patents have been 
issued for its prod uction by electrolysis, and although 
it can be deposited in small quantities from solu- 
tions, there is but one electrolytic method that 
can be worked on a commercial basis, and that is 
Bunsen & Deville's method of electrolysing molten 
Al*CR2NaCl. Large works have recently been 
erected in France for obtaining the metal by this 
method, and it is claimed that it can be produced 
for about $7 per pound. A company has recently 
been formed in London to manufacture aluminium 
alloys on the basis of the Webster patents. The 

4* 
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chief improvement on the old process, according 
to the patent spccifieatioim, is in tlie preparation of 
the pure APO. Frishmuth, of Philadelphia, 
attempts to produce sodium in one retort, volatilize 
aluminium chloride from another, and allow the 
vapors to meet in a third. The assertion made hy 
him at first that he could place the metal on the 
market at $1.25 per pound has not been verified." 
Dr. Hunt, in reply to an inquiry as to the present 
state of the industry, replies: " Webster, of Eng- 
land, is the chief, j>erh'aps the only, maiiufacturer 
in that country of the metal and its alloys. Messrs. 
Cowles manufacture the alloys, and they can now 
make pure aluminium, but the method is not yet 
perfected or made public. The process of Frish- 
muth is not new, but is mentioned in Watts' Dic- 
tionary. So far as I can learn, and so far as Messrs* 
Cowles are informed, there has been no pure alu- 
minium made commercially save from the chloride 
by use of sodium. Messrs. Cowles' work with 
their large new dynamo has been very satisfac- 
tory." 



PART II. 

OCCURRENCE OP ALUMINIUM IN NATURE. 

There is no other metjil on the earth which in 
so widely scattered and occiird in such ahundance. 

Al is not found metjillie. Stocker* made the 
statement that Al occurred as shining scales in an 
alumina formation at St. Austel, near Cornwall, 
but he was in error. But the combinations of Al 
with oxygen, the alkalies, fluorine, silicon, and 
the acids, etc., are so numerous and occur so abun- 
dantly as not only to form mountain masses, but to 
be also the bases of soils and clays. Especially 
numerous are the combinations with Si and other 
bases, which, in the form of felspar and mica, 
mixed with quartz, form gmnite. Mierzinski 
gives the formul» of a few of these silicates as: — 



Orthoclase . 


. K«SiW + Al«SiH)» 


Albite . 


. Na«8iW-h Al«Si«0« 


Annrthite . 


. CftSiOs+Al^SlO^ 


K Mica 


. (HK)«Al«Si«08+ (HK)«Al^i*0« 


Na Mica . 


. (HNR)aAl«Si«08+ (HNR)«Al*Si*OW 


Li Mica 


. (Li«.K2.Fe)O.Al«0«.88i()«. 


Mg Mica 


. m(HK)*SiO*+n(Mg.Fe.H.)«SiO* + 




p(Al«Fe2)«Si»0« 



* Jnil. fr. prakt. Clieni., 66, 470. 
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TIk»ho coinbinutioim, by tho influctico of tlio 
atiuoHphoro, air, and wuUt, arc dccotnpoHcd, the 
alkali ih replacod or carried away, and the roHiduefl 
form clayH. Tho clayH form HoilH, and thn» the 
Hiirfa(H^ of the earth heeomoH ]iorouH to water and 
fruitful. Tt in a euriouH faet that Al has never 
hi'VAi found in animalH or plantH, which would necm 
to nhow that it \h not nec^cHHary to tlieir growth, 
and perhapH would act injuriouHly,if it were prcHont, 
by itH iniluence on tlie other materialH. MoHt of the 
Al compoundrt appear dull and diHagrecable, such 
aH felHpar, mi(;a, pigmentH, gneinH, amphibolo, po^ 
])hyry, eurite, trachyte, etc. ; yet tliero are others 
poHHCHHing extraordinary luntre, and ho beautiful as 
to 1)0 claHHod art pr(H*iouM rttonen. 8oine of thofle, 
witli their formuhe, are — 



Kuby . 


. Al«(}» 


Hnppliirc 


. AHO" 


(hirnct . 


. ((:ii.M«.Fc.MiO»Al««Bl»0» 


(*yfinito 


. Al^Hl()« 


Some other 


compoundrt occurring freciuci 


ar(i — 




Tiirquolwi 


. A1«P«()M1''A1«(K3H«0 


LfiKiiliU) 


. (MgKiOAl-P'O^+Aq 


Wavollilo 


. *ZAWH)\\V'AW'MVO 


Topiix . 


. 5Al«Hl()^Al«HiF»« 


(/'ryolll« 


. AWF".ONftK 


DiiiHpont 


. II^AWO* 


iSraitxIto 


. ll^Al^O" 


Aliitiiltiitc 


. Al^HO^'.OIPO 


Aluiiitt! 


. K^H0*.Al^H^0«3IPAK()' 



OCCURRENCE OF ALUMINIUM IN NATURE. 45 

One would snppose that since aluminium occurs 
in such abundance over the whole earth, since we 
literally tread it under foot, that it would be ex- 
tracted and applied to numberless uses, being 
made as abundant and useful as iron ; but such is 
not the case. 

Beauxite and cryolite are the minerals most 
used for producing aluminium, and their preference 
lies mainly in their purity. Native alums gene- 
rally contain Fe, which must be removed by ex- 
pensive processes. Some observations on a native 
alum deposited in New Mexico will be found in 
th^ Appendix. We will here consider at greater 
length only beauxite and cryolite. 

Beauxite. 

Beauxite is a combination between diaspor, 

A1»0».3II«0, and brown hematite, FeK>.3IIH3 ; or, 

it is diaspor with Al replaced more or less by Fe ; 

the larger the amount of Fe the more its color 

changes from white to brown. It was first found 

ia France, near the town of Beaux, large deposits 

occurring in the departments Var and Bouehes du 

Rhon, extending from Tarascon to Antibes. Seve- 

^1 of these beds are a dozen yards thick, and 160 

kilometres in length. Deposits are also found in 

the departments of THerault and I'Arri^ge. Very 

inaportaut beds are found in Styria, at Woohein, 

arid at Freibriss, in Austria, a newly discovered 
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locality whei^o tlie mineral is called Wocheinite. 
Here it han a dense, earthy Htructure, while that of 
France is conglornenite or oiilitic. Deposits similar 
to those of France are found in Ireland at IriBh 
Hill, Straid, and Ulenravel. Further deposits are 
found in Iladamar in Hesse, at Klein-Steinheim, 
Langsdorff, and in French Uuiana. 

Tlie following analyses give an idea of the pecu- 
liar composition of this mineral ; besides the io- 
gredients given there are also traces of CaO, MgO, 
SO", T'O, TiO^ and Va«0*. 



Al«08 . . . 

F<^()3 . . . 

Hi()« . . . 

K'O and Na«0 
IPO . . . 



a. 



60.0 

25.0 

8.0 

• .. 
12.0 



Al«()3 . . . 
r <;«()« . . . 

my» . . . 

K^K) and Na'O 
IPO . . . 



04.6 
20 
7.5 

... 
24.7 



b. 

75.0 

12.0 

1.0 

••• 
12.0 



h. 

20.80 

8.«7 

44.76 

18.80 



0. 

68.16 

28.55 

4.15 

0.79 

8.84 



d. 


«. 


/. 


72.87 


44.4 


64.1 


18.40 


80.8 


10.4 


4.25 


15.0 


12.0 


0.78 


••• 


•«• 


8.50 


0.7 


20.9 



<. 


k. 


48.12 
2.80 
7.95 


48.44 

2.11 

15.05 


40.88 


85! 70 







L 


«. 


61.89 


46.76 


1.96 


18.90 


6.01 


6.41 


... 


0.88 


87.82 


97.61 



• 


n. 


0. 


P' 


Al«()» . . . 


65.01 


70.8 


50.85 


Fe'O' . . . 


7.17 


0.2 


14.80 


HiO" . . . 


4.41 


11.0 


5.14 


K'^Oand Na«() 


1 1 1 


... 


0.20 


WO . . . 


82.88 


20.4 


28.88 



9- 


r. 


49.02 


78.00 


12.90 


4.26 


10.27 


2.15 


0.81 


■** 


25.91 


18.66 



J 
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Index : — 
a and b. from Beaux (Deville). 

e. dark ) ^ocheinite (Drechslor). 

d. light i 

e. red brown ^ 

/. yellow > Beauxite from Feisstritz (Scbnitzer). 

g. white J 

A. white Wocheinite (L. Mayer and O. Wagner). 

f. Beauxite from Irish Hill. 

*. ** •» Co. Antrine (Spruce). 

I *» •» Glenravel (F. Hodges). 

Ill and n. ** ** Hadamar (Hesse) (Retzlaif). 

o, from Klein -Steinheim (Bischof ). 

p and 9. from Langsdorff (I. Lang). 

r. Beauxite from Dublin, Ireland, brought to the Laurel 

Hill Chemical Works, Brooklyn, L. I., and there 
used for making alums. It is dirty white, hard, 
dense, compact, and in addition to the ingredients 
given above contains 0.50 percent. CaO, and some 
TiC. It costs $6 per ton laid down in the works. 
Tlic above analysis, made by Mr. JoAet, is fur- 
nished me by the kindness of the superintendent 
of the works, Mr. Herreshoff. 

As is seen from the above analyses, tlie percentage 
of A1*0* is very variable, and cannot be determined 
at all simply by inspection but only by an analysis, 
for often the best-looking specimens are the lowest 
in A1*0^ For instance, a beauxite containing 62.10 
A1*0^ 6.11 FeK)^ 5.06 SiOS and 20.83 IPO was 
much darker and more impure looking than that 
from Wochein {h) which contained only 29.8 per 
cent. A1»0». 
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C/HYOMTK. 

(^ryolili! wuH lirHt found at Ivigtuk, in Arkmit- 
fiord, wcwt c'ouhI. <)l'(}ri»oiilati(l, wliero it oonHtitutcs 
a largo bed or vein in gneinH. It is a Homi-truiiH- 
parent, Hnow-whitc mineral. When impure it is 
^ellowiHh or reddiHh, even HonietiniOH ulnioHt black. 
It is Hhining, Hp. gr. 2.!)t5, and }mrdncA8 2.6 to 8. 
]t in brittle, not infrequently contains FcCO*, PbS, 
KiO', and HoinetinieH eolunibitc. It \h fuHible in 
the ilanie of a eandle, and on treatment with huI- 
phurie aei<l yields Iiydroiluoric acid. Ah will be 
Keen further on, cryolite was iirst used by the goap- 
makerH for its Hoda; it iH Htill uned for making Hoda 
and alumina Hal tH, and to make a white glasH which 
iH a very good imitation of j)oreolain. Tlie Penii- 
Hylvania Salt Oomjiany in rhiladelphia import it 
from Ivigtuk by tlie nhip-load for tlietse pur{K)8e8; 
lately tlu^y have dineontinued making tlio glaM. 
Oryolite in in general une an a flux. A very com' 
plete (IciHcription of the deponit at Ivigtuk can be 
found in IIoifman'H HlhemiHehe Induntrie.' 

The only known deponit of cryolite in the United 
Ktaten in that found near Pike'H lY^ak, (Colorado, 
and dcHcribcMi by W. (Vohh and W. F. llillebraud 
in the * American tlournal of Science/ October, 
188JJ. It iH purely of mineralogical im^iortanoe 
and int(^reHt, occurring in Hmall nuiKKCH aB a sub- 
ordinate conntituent in certain quartz and fold- 
Bpar veiiiH in a country rock of coarHo reddiub 
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granite. Zircon, astrophyllite, and coluinbite are 
the primary associated inincrals, the first only 
being abundant. 

There is no duty on the imports of cryolite into 
the United States, and they have varietl from 
10,000 tons in 1869 to 9000 in 1884, costing $9 to 
$10 per ton. 

Corundum. 

"Till 1869, the sole sources of corundum were 
a few river washings in India and elsewhere. 
It was found in scattered crystals, and cost twelve 
to twenty-five cents per pound. In 1869, in 
riding over a spur of the AUeghenies in northern 
Georgia, I* found what has proven to be an 
almost inexhaustible mine of corundum in the 
crysolite serpentine, the first instance on recoixl of 
the mineral being found in situ. Previously it hsul 
been washed out of debris at Cripp's Hill, N. C, 
and at a mine in West Chester, Pa., both on the 
slopes of the crysolite serpentine. The clue being 
thus obtained accidentally, about thirty mines were 
shortly afterwards discovered in the same forma- 
tion ; but of the thousands of tons thus far dug 
out, the larger portion has come from the mines I 
discovered. 

" At present it can be bought at about ten dollars 
per ton at the mines. It is nearly pure A1'0\ 

* Mr. W. P. Thompson. 
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DiHuporo, a liy(lnite<l aluinitia, in also found in the 
Hunui rof^ion an<l locality. Oorundinn will prolia- 
I)ly alwayH bo tlu? princ'iiMil Honrco in America of 
matijrial from which to manufacture i)uro Al 
Hut in (jlrcat Jiritain, in all probability, manufac- 
turerH munt look to alumina prepared aHificially 
from cryolite or from Mr. KynaHton'8 Hulphateof 
ahimina.''* 

^ Journal of the Society of Chemical Induttry, April, 1886. 
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PHYSICAL PROPERTIES OP ALLMINILM. 

Commercial aluminium is never ehemic*a11y pure, 
and therefore displays pro|)ertie8 varying more or 
less from those of the puiHj metal according to the 
character and amount of impurities present. In 
this treatise, whenever the projx^rties of aluminium 
are mentioned, they must be understcxnl to refer to 
the chemically pure metal, and not to the commer- 
cial article, unless specifically stilted. As prelimi- 
nary to the presentation of these pro|>ertie8 we will 
here make some observations on the commercial 
Tnetal and the impurities generally found in it. 

In whatever way aluminium may be reduced, 
still it is always far from being pure, being con- 
taminated with iron, silicon, or even sodium and 
lead, as is shown by the following analyses: — 



I- PubUB (SaW^Ut) 

llBtrUn (Mallet) 

I" Mrii ft Co^ Nanterre (Saatrwela) . 

ijPariiUB (Damaa) 

J. PwUian (SalTf tat) 

« niisUi, from Uaag 

J Bom (Kraut) 

],|lorin ft Co., Nanterre, 1S62 (Kraut) 

t|(Rampe) the purest he could bnj 
L) Wagaer** Jahreab.. 1877 . . . . 



AL 


1 

' Si. 

1 

2 149 


Fe. 


Cu. 


Pb. 


*Vrt . 


92. 9W 


4.8S2 


• • 


• • 


trace 


JW.iia 


0.«4 


;j.29^ 


• • 


• 


trace 


JW.sJH) 


1.270 


I.HIO 


trace 


• • 


• • 


97.2IX) 


0.2J 


2.40 


• • 


trace 


trace 


W..VH) 


0.70 


6.N» 


• • 


• • 




M.KM) 


0.47 


3.37 


• • 








Sh X'iO 


2.S7 


2.40 


6.3S 


trace 






ft2.<'00 


0.4.^ 


7..M 


• ■ 


• • 






9|.7(M) 


.1.70 


!*'<*) 


• • 


• ■ 






Qs.aH) 


0.04- 


1.67 


• • 


• • 






97.«iM) 


0.12 


2.2'» 


• • 


• • 






»7.«X» 


1.00 


l.:U) 


10 


20 






97.600 


0.40 


1.40 


0.40 


0.20 
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Acconliiig to RammelBljerg (Kerl's Ilandbucb) 
the Si which is always found in aluminiiim is in 
part combined with it, and this combined Si 
changes hy treatment with HC! into either SiO*, 
M'hieh remains, or into SiH', which escapes ; while 
another part of the Si ia combined with theala- 
miniiim just as graphite is with Fe ; and this part 
of the Si remains on treatment with aeid as a black 
mass, not oxidized by ignition in the air. Two 
analyses of aluminium reduced from cryolite by 
Bodium ill a porcelain crucible gave — 



SiC 9.53 

Free Bl 0.17 

SiinSiH* .... 0.74 

One sample of aluminium analyzed by ProfeJ 
Rammelaburg contained as much as 10.46 perc( 
Si, and another sample even 13.9 per cent, 
quantity of Fe varies from 2,9 to 7.5 per cent. 

M. Dumas has found that aluminium usually 
contains gases, about which he makes the follow- 
ing statements:* "On submitting aluminium in 
a vacuum to the action of a gradually increasing 
temperature up to the softening point of porcelain, 
and letting the mercury pump continue acting on 
the retort until it was completely exhausted, eou- 
siderable quantities of gas were withdrawn. The 
liberation of the gas from the metal seems to take 



* Sci. Am. Bupp!., Aug. 7, 1 
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place suddenly towards a red-white heat. 200 
grammes of aluminium, occupying 80 c. c, pive 
89.5 c. c. of gas, measured at 17^ and 755 mm. 
pressure. The gas connisted of 1.5 c. c. CO* and 
88 c. c. II. CO, N, and O were absent." 

*The aluminium ai)ex or cap of the Washington 
Monument cast by Colonel Fri8hmuth,of Philadel- 
phia, has the following com{)08ition : — 

Fe 1.70 

Si 0.55 

Color. 

Deville: The color of aluminium is a beautiful 
white with a slight blue tint, especially when it has 
been strongly worked. Being put alongside silver, 
their color is sensibly the same. However, common 
silver, and especially that alloyed with copper, has a 
yellow tinge, making the aluminium look whiter by 
comparison. Tin is still yellower than silver, so 
that aluminium possesses a color unlike any other 
useful metal. 

Fremy : Aluminium has a fine white color, just 
a little blue when companxl with silver. When it 
has been worked, or when it contains Fe or Si, its 
blue tint acquires greater intensity. The commer- 
cial aluminium resembles silver. 



* Mineral Resources of tlie United States, 1883-S4. 

5* 
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Mallet: Absolutely pure aluminium is percepti- 
bly whiter than the commercial metal ; on a cut 
surface very nearly pure tin-white, without bluish 
tinge, as far as could be judged from the small 
pieces examined. 

Mierzinski : The pure white color of aluminium 
is very brilliant ; it has a tint lying between the 
color of tin and zinc, although on account of its 
usual blue shading, even in a poor light, it cannot 
be confounded with them or with any white metal. 

Mat. 

Deville: Aluminium like silver is able to take a 
very beautiful mat which keeps indefinitely in the 
air. It is obtained easily by plunging the surface 
for an instant in a very dilute solution of caustic 
soda, washing in a large quantity of water and at 
last dipping in strong nitric acid. Under these 
conditions, all the foreign materials which might 
contaminate it, except silicon in large proportion, 
dissolve and leave the metal quite white and with 
a very pleasing appearance. 

Mierzinski: The peculiar lustre of aluminium, 
however, is not permanent. With time, the objects 
take on their plain faces an olive green coloration, 
and look much less agreeab]3^ Their former white 
color can be restored by Mourey's receipt, by placing 
them first in dilute hydrofluoric acid, 1000 parts 
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water to 2 of acid, and then dipping tbem in nitric 
acid. 

Bell Bros.: They recommend first washing the 
objects in benzole or essence of turi)entine, before 
treating with NaOH and UNO*, as above. 

Polish and Lustre. 

Deville : Aluminium may be polished and bur- 
nished easily, but it is necessary to employ as an 
intermediate material between the stone and {)oli8h- 
ing powder a mixture of stearic acid and essence of 
turpentine, finishing with pure essence of turpen- 
tine. In general, the polished surfaces are of a less 
agreeable appearance than the mat, the blue tint of 
the metal becoming more manifest But, in this 
work, the experience and practice of the workers 
in aluminium is far from being complete ; each metal 
requires a special way of working, and we may ex- 
pect yet for a material so new that progress will be 
made in this direction. 

Bell Bros.: Aluminium is easily polished and 
burnished. Use a mixture of equal parts of rum 
and olive oil as an intermediate substance between 
the polishing stone and the powder used. The 
polishing stone is steeped in this mixture, and will 
then burnish the metal as silver and copper are bur- 
nished, care being taken not to press too heavily on 
the burnishing instrument. 

Kerl & Stohman : The use of the old means of 
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))<)liHiiin;^ nnd Ixirninhin^ in<'ta]M,Hii(rh nn Hoap, witu?, 
vinegar, liiis('(Ml-()il,<l(»c(>cti<>n of iiiarHliinull()w,(*t(;., 
iH not (*nrct.iv(' with alinniniiiiu,l)iit,()i) UuMiontmry, 

iH even liarmrnl ; l)('caiiH4s ii^i^^K ^^^^**"» ^'*^' 1>'<><mI 
Htoiic and tlio btirniHliin^ iron tear tlu^ inotal iih 

liiu* HJoiM? docs ^laHH. Oil of tur|KU)tiiui lam alno 
l)('(>ii UKcd, but witJi no ^ood elliM:!. Moiirey found, 
alter many attempts, that a mixiuroofiupnil W(;i|^htH 
ol'olivt' oil and rum, whi<Oi W4*r(> Hhakcni itiuiiotth; 
till an cmulsilicd mass rcsult(ul, pivo u very bril- 
liant polish. 11h> polishing stoiu^ is dippc^l in thin 
li(|uid,and tin; na^tal ))olished like Hilver, (iX(M!))t 
that. on(^ must not. press ho luird in Khinin^ up. 
'I'JH' peculiar hhu'k streaks vvhictli form und<*r tlio 
polishing stone necMJ eause no trouhhi; they do not 
injure the polish in th(; least, and (;an be ntmoviKl 
from tiuK^ to time by wiping with a himp of eottoii. 
'I'Ik^ best, way to elean a soiled surfac^e and reniovu 
^reas(^ is to dip th<^ obje(rt. in ben/ine, and dry it in 
litK; sawdust. Ibimmered an<l pressed objtuttH of 
aluminium niay, belong polishing, be very eanily 
jLCround by usin^ olivt; oil an(| pumiet*. 

OnoH. 

|)«?vill(^: 1'lie odor of pure aluminium is s(!nsil)ly 
nothing, but, the; metal strongly elair;;i;e<l with 
siru^on will exhah^ the* o(h)r of silieuretted liydn>- 
^«!n, exactly re))resent.(!d by tlu^ odor of cast iron* 
Itut, ev(Mi inahu' thesis unfavorable cireuinHtunceH) 
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the smell of the metal is only appreciable to persons 
experienced in judging very slight sensations of 
this kind. 

Watts: When pure, aluminium is quite desti- 
tute of taste or odor. 

Taste. 

Deville: Pure aluminium has no taste, but the 
impure and odorous metal may have a taste like 
iron, in any case only very slight. 

Malleability. 

Deville: Aluminium may be forged or rolled 
with as much perfection as gold or silver. It is 
beaten into leaves as easily as they, and a very 
experienced gold beater, M. Rousseau, has made 
leaves as line as those of gold or silver, which are 
put up in books. I know of no other useful 
metal able to stand this treatment. Before rolling 
a bar of aluminium it is well to prepare the metal 
by forging it on all sides, and commencing work 
with a hammer. Aluminium is tempered at a 
very low red heat ; or the plate is heated just until 
the black trace left on its surface by a drop of oil 
pat there and which is carbonized has entirely dis- 
appeared. 

Mallet: With absolutely pure aluminium the 
^^aalleability was undoubtedly improved, the metal 



68 ALUMINIUM. 

yiddiiijj oartily to tlio Imimncr, bearing' diHtortiori 
well, and flattening in two or three directions 
without crackinj^. Tt Hi»eined to be Heiiflibly lei« 
hardened by hammering than tlio ordinary metal 
of commeree. 

H/hemi(uil NewH,' 1859: M. DegouBso has suo 
eeeded in beating aluminium into leaver as thin as 
thoHe ol)tained of gold or nilver. The operation is 
attended with a certain diflieulty, and it is nccos- 
Bary to temper the metal frecjuently. Thia can- 
not 1)0 done, however, in the ordinary manner 
an with gold or Hilver; only a very slight heat 
rnuHt be em])loyed. Tlie beating in done as usual. 
These thin aluminium leaves can be substituted for 
silver leaf. They have a less brilliant color, but 
are nnieh more durable, and may be employed 
advantageously for (h^eorative i)urposo8. A very 
thin leaf will burn like paper when made into a 
roll, with a brilliant white flame. 

Kerl & Ktolnnan: Aluminium may bo rolled as 
easily as other metals, but it must be annealed 
oftener. The annealing of objects mmle of it is 
not more diflicult than that of other metals. The 
moment the metal begins to glow its annealing is 
compl<»te. Those metal-worktjrs who are anxious 
about the exact point of time can rub the top of 
the articile to be anneah^d with a lump of fat, the 
diHappcaran(!e oi' tlu^ fat shows the moment in 
which the object is to be removed irom the anneal- 
ing oven. Aluminium can also be pressed or 
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stamped into all forms of hollow and round vessels, 
in a stamping press. But there must be used a 
kind of varnish of 4 parts of oil of turpentine and 
1 part of stearic acid. 

Bell Bros. : Aluminium can be beaten out, hot 
or cold, to the same extent and as perfectly as gold 
and silver, and may be rolled in much the same 
way. Thin leaves may be used in the same man- 
ner as gold and silver leaf. Covered iron ingot 
moulds serve best for casting bars of the metal to 
be rolled. Aluminium quickly loses its temper, 
and therefoi^e requires frequent reheating at a dull 
red heat ; when the plates are very thin this de- 
mands great attention. 

Mierzinski : The extensibility of aluminium is 
quite high, standing near to gold and silver. It 
may easily be beaten out or rolled without tearing. 
In beating to leaf it should at first be warmed only 
to 100° or 150°, an actual glowing heat has proved 
to be very unsuitable. Such leaves are especially 
suitable for showing the characteristic qualities of 
the metal ; for instance, it dissolves with extraor- 
dinary quickness in caustic alkali, leaving the iron, 
which is always present. This leaf is also very 
combustible, even in a gas flame, burning with a 
brilliant, sparkling light ; the resulting APO* is 
melted, and as hard as corundum. While water 
does not appear to be decomposed by aluminium 
in compact masses at 100°, yet it does so when in 
the extremely attenuated form of leaf. In pure. 
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lM)ilint^ \vat«»r tlio loaf Hlowly evolvim hydrogen, 
urtcr scvcnil lioiiPH tlio leavoH aro liulf gone, Ixjing 
(liati^cd iiiU) liydraU'd ahitnina. Alninitiium leaf 
was fiiHt iiumIo l)y ('. Kalk & Co., Vioniui. 

Ductility. 

Di^vilU*: Alinninium bohavoH very well at the 
Irawiii^ \)\nU\ M. VangcHUH obt^iined in 1865, 
with a niclal Tar from being i)ure, wireH of oxtronie 
tenuity, wbicli W(;re uhocI to nuiko alinninium puft' 
HcnuMiton^ 1 lowever, the nietiil detc^rioratcH much 
in tli(M)|Ktration, and the threads becoTne flexible 
again only after an aninuiling very delieately i^ep 
formed, hecanw^ of the llneneHH of the tbreadH and 
tlu^ fuHibility of the metal. The heat of the air 
coming from tln^ top of the ehimney over an A^ 
gand burner is Huilieient to anneal them. 

JJcll HroH. : Aluminium i« eanily dniwn int« 
wire. Run the metal into an open mould, ho aHto 
form a ilat bar of about one-half inch Heetion, the 
•dgert of which an^ beat(Mi very regularly with a 
hammer. 1'h(^ diameti^r hhould bo very gradually 
nulu(!ed at lirnt, with IVecpmnt heating. When the 
tbreadH an; re(|uirc(l vt^ry fine the heating bccomcH 
a v(^ry delii'ate operation, on a(;eount of the iino* 
n(*HH of tin; thn^adn and tiie fuHibility of the metal* 
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Elasticity — ^Tenacity — Hardness. 

• Deville: The elasticity of alnniinium, aoconling 
to M. Wertheini, is sensibly tlie same as that of 
silver ; its tenacity is also nearly the same. The 
moment after being east it has the hardness of virgin 
silver ; when it has been worked it resembles that 
of soft iron, becomes elastic by becoming much more 
rigid, and gives the sound of steel when dropjied 
on a hard bo<iy. 

Mallet: Absolutely pure aluminium was dis- 
tinctly softer than before purification. Ilence its 
fracture was not easily observed, but seemed to be 
very fine grained with some api>earance of fibrous 
silkiness. It seemed to be sensibly less hardened 
by hammering than the ordinary metal of com- 
merce. 

Fremy : Aluminium just cast is scratched by a 
wire or edge of silver, but by hammering it be- 
comes as hard as iron aiid elastic. The tenacity of 
aluminium wire is between that of zinc and tin, 
but by hammering it attains that of hardened cojh 
per. When cast carefully it can be easily filed 
without fouling the tool. 

Kerl & Stohman : Aluminium resists the action 
of the engraving tool, which slides upon the sur- 
face of the metal as upon hard glass. But as soon 
as one uses the varnish of 4 parts of oil of turpen- 
tine and I of stearic acid, or some olive oil mixed 
with rum, the tool cuts into it like pure copper. 

6 
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Mierzinski: The tenacity of alumimum is very 
remarkable, and, according to Barlow, is 1892 kilos 
per square centinieti-e ; the extensibility 2,5 per cent, 

W. ir. Barlow :* A bar of alumiinum three feet 
long and one-quarter inch square was obtained, and 
ditfiirent parts of it subjected to teste for tension, 
compression, and transverse strain, elasticity, elastic 
range, and ductility. It will lie seen on reference 
to the results that the weight of a cubic inch was 
0.0275 pound, sliowing a specific gravity of 2.688, 
and its ultimate tensile etreugth was about twelve 
tons per square inch. The range of elasticity is 
large, the extreme to the yielding point being one- 
two hundredth of the length. The modulus of 
elasticity is 10,000. The ductility in saniplee two 
inches long was 2.5 per cent. Taking the tensile 
strength of the metal in relation to its weight, it 
shows a high mechanical value. These results are 
thus tabulated : — ■ 

W^blof Tenills LeEglli of ■ 



50,000 


1S,0W 


18,000 


33,04(1 


26,800 


a8,Mfl 



It thus appears that taking the strength of alu- 
minium in relation to its weight, i 
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653 


657 


12.675 


B24 


508 


515 


12.aS5 


307 


811 


300 


13.700 


3M 


353 


349 


11.845 



Khanical value about equal to that of steel of 
35 tons per square iueli teusile strength. 

Mierzinski: Kamarsch (Dingier 172, ss) obtains 
the following resulta as the strength of aluiuiniuiu 
wire:— 

^^H 0.905 
^^Vo.lGO 

^^V 0.145 

^^^■eTille: A very curious property, which alunii- 
^^™fca shows the more the purer it is, is its excessive 
Bonorousnesa, so that a t>ar of it suspended by a 
fine wire and struck sounds like a crystal bell. 
M. Lissajous, who with me observed this pro[(erty, 
has takeu advantage of it to couatruct tuning forks 
of aluminium, which vibrate very well. 1 also 
tried to cast a bell, which has been sent to the 
Royal Institution at London at the request of my 
friend Rev. J. Barlow, vice-president and secretary 
of the institution. This bell, east on a model not 
well adapted to the qualities of the metal, gives a 
sharp Bound of considerable intensity, but which 
is not prolonged, as if the clapper or support hin- 
dered the sound, which, thus hindered, becomes 
far from agreeable. The aound produced by the 
ingots is, on the contrary, very pui-e and prolonged. 
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Til the oxporiniontH mndo \u Mr. Faraday's labora- 
tory, tliiH celebrated i)byHiciHt haH remarked that 
the Boutul produced by an ingot of aluminium is 
not HiTnplo. One can diHtinguiHh, by turning the 
vibrating ingot, two Boundn very near together 
an<l Hucceeding each other rapidly, according as one 
or the other face of the ingot faces the observer. 

Watts: Aluminium is highly sonorous, but a 
bell cast of it gave a sound like a cracked pot. 

Dknsity. 

Deville: The density of aluminium is 2.56; by 
rolling this is considerably increased, so as to bocome 
2.67, indicating a consi<lerable approaching of the 
molecules to each other; which may explain the 
differences existing in its i)roperties after being 
annealed or worke<l. Heated to 100° and cooled, 
it changes very little, for its specific gmvity is 
still 2.65. The following table compajres it with 
the other metals ;— 

Hp.CJr. Sp.Or. Al.«1> 
Pt 21.5 8.6 

Au 19.8 7.7 

Vh 11.4 4.8 

llg 10.5 4.9 

Cu 8.0 8.6 

Fo 7.8 9.9 

Hn 7.H 2.8 

Zn 7.1 2.8 

Al 2.5 1.0 
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Since the metal has been in commerce it has 
been sold at a high price ; at present (1859) it can 
be boaght in large qnantities at 300 fr. per kilo ; 
it is, therefore, much dearer than silver. But, 
because of the difference in their densities, for 
equal volumes of aluminium and silver, the value 
of the former must be divided by 4 in order to 
compare them; making a volume of aluminium 
much cheaper than an equal volume of silver, 
while, besides, it is much stronger. So, to-day, 
Al may be considered as costing 75 fr. to Ag 
220 fr. 

Mallet: The specific gravity of absolutely pure 
aluminium was carefully determined at 4° C, and 
the mean of three closely agreeing observations 
gave 2.683. 

Fusibility. 

Deville: Aluminium melts at a temperature 
higher than that of zinc, lower than that of silver, 
but approaching nearer to that of zinc than silver. 
It is, therefore, quite a fusible metal. 

Mallet: It seems that pure aluminium is a little 
less fusible than the commercial metal. 

Mierzinski: The melting poiut of aluminium 
can be taken as about 700° C. 
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Fixity. 

Deville: Aluminium is absolutely fixed, and 
loses no part of its weight when it is violently 
heated in a forge fire in a carbon crucible. 

Watts: Aluminium heated in a closed vessel 
does not exhibit the slightest tendency to volatilize. 

Fremy : Aluminium is fixed at all temperatures. 

Electric Conductivity. 

Deville: Aluminium conducts electricity with 
great facility, so that it may be considered as one 
of the best conductors known, and perhaps equal 
to silver. I found by Wheatstone's Bridge that 
it conducts eight times better than iron. M. Buff 
has arrived at results evidently difterent from 
mine because we have not taken the same ground 
of comparison. The diftereuce is due, without 
doubt, to the metal which he employed containing, 
as is easily found in many specimens, a little cryo- 
lite and fusible materials, the density of which is 
near that of the metal, and which were employed 
in producing it. The complete separation of the 
metal and flux is a difficult mechanical operation, 
but which is altogether avoided by using a vola- 
tile flux. This is a condition which must be sub- 
mitted to in order to get the metal absolutely 
pure. 

' Jahresb. der Chemie,' 1881, p. 94: Aluminium 
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thus compares With copper and niagnesiuni in elec- 
tric conductivity : — 

At 0®. At lOOo. 

Cu .... 45.74 83.83 

Mg .... 24.47 17.50 

Al .... 22.46 17.81 

After Al come red brass, Cd, yellow brans, Fe, 
Zn, Pb, Ag^ Sb, Bi, in the order given. 

Freray : The electric conductivity of aluminium 
is 51.5, copper being 100; or 88.74, silver being 

ioo. 

Thermal Conductivity. 

Deville: It is generally admitted tliat conductiv- 
ity for heat and electricity corre8jK)nd exactly in 
the diflferent metals. A very simple experiment 
made by Mr. Faraday in his laboratory seems to 
place aluminium very high among metallic con- 
ductors, lie found that it conducted heat better 
than silver or copper. 

Watts: Aluminium conducts heat better than 
silver. 

' Jahresb. der Chemie,' 1881, p. 94: Aluminium 
has the following conductivity for heat: — 

AlQO. At 100°. 

Cu . . . . 0.7198 0.7226 

Mg . . . . 0.8760 0.3760 

Al .... 0.8435 0.8619 

After Al come red brass, Cd, yellow brass, Fe, 
Zn, Pb, Ag, Sb, Bi in the order given. 



«8 



ALUMINIUM. 



MierziiiHki : No Iobs romarkable than the oon- 
diictivity of aluminium for electricity h that for 
heat. Acct>rding to Calvert and JohtiHon (Dingier, 
168, agi), that of silver being 1000, aluminium is 

ficr.. 



Specific Heat. 

Devillc: According to the ex|]criinenfB of M. 
Ilegnaiilt, the Hjiecific heat of tiluniinium corro- 
spoiids to ita equivalent 13,75, t'l-oni which we may 
conclude that it muat be very targe when coniiMirwl 
with all the other iiecful metalfl. Ono can eaisily 
perceive this curious property by the coiiHiderablo 
time which it taken an ingot of the metal to get 
cold. We might even suggest that a plate of alii- 
minium wouKl make a good chating dish. Anot^ier 
experiment makes this conclusion very evident 
M. Paul Morin had the idea to n«e aluminium for 
a plate on which to cook eggs, the sulphur of which 
attacked silver ho easily ; and he obtained excellent 
results. He noticed, ulso, that the plate kept its 
heat a much longer time than thcsilveronc. This 
exceptional property ahuuld be utilized for Bome> 
thing. 

Mallet; The flpocific heat of absolutely pur* 
aluminium was 0.2253, therefore the atomic heat 
is 0.22.18 times 27.02 or 6.09. 

Fremy: The epecitic heat of aluminium ia 
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0.2181 ; larger than that of any other nseful metal, 
which accords with its small atomic weight 

Magnetism. 

Deville: I have found, as also MM. Poggen- 
dorfF and Reiss, that aluminium is very feebly 
magnetic. 

Crystalline Form. 

Deville : Aluminium often presents a crystalline 
appearance when it has been cooled slowly. When 
it is not pure the little crystals which form are 
needles, and cross each other in all directions. 
When it is almost pure it still crystallizes by 
fusion, but with difficulty, and one may observe 
on the surface of the ingots hexagons which aj)- 
pear regularly parallel along lines which centre in 
the middle of the polygon. It is an error to con- 
clude from this observation that the metal crystal- 
lizes in the rhombohedral system. It is evident 
that a crystal of the regular system may present a 
hexagonal section ; while, on the other hand, in 
preparing aluminium by the battery at a low tem- 
perature, I have observed complete octahedrons, 
which were impossible of measurement, it is true, 
but their angles appeared equal. 



PART IV. 

CHEMICAL PROPERTIES OP ALUMINIUM, 

m 

Kkmark: Unless specifically stated otherwiue, 
the properties here mentioned are those of the 
pure metal and not of the commercial, the impari- 
ties of which generally modify the properties (rf 
the aluminium more or less. 

Action op Air. 

Deville: Air, wet or dry, has absolutely no 
action on aluminium. No observation which btf 
come to my knowledge is contrary to this assertion, 
which may easily be proved by any one. I have 
known of beams of balances, weights, plaques, 
polished leaf, reflectors, etc., of the metal exposed 
for months to moist air and sulphur vapors, and 
showing no trace of alteration. We know tbrf 
aluminium may be melted in the air with impnn" 
ity. Therefore air and also oxygen cannot sensi* 
bly affect it ; it resisted oxidation in the air at tb« 
highest heat I could produce in a cupel furnace, a 
heat much higher than that required for the assay 
of gold. This experiment is interesting, especially 
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? metallic button is covered with a la^'cr 
of oxide which tarnishes it, the ezpansioti of tho 
metal causes small branches to shoot from its sur- 
face, which are very brilliaat, and do not lose thoir 
lustre in spite of the oxidizing atmosphere. M. 
"Wohler has also observed thie property on trying 
to melt the metal wiUi a hlowpipe. M. Peligot 
has profited by it to cnpcl aluminium. I have 
eeen buttons of impure metal cupelled with lead 
and hecome very malleable. 

With pure aluminium the resistance of the metal 
to direct oxidation is bo considerable that at the 
melting point of platinum it is hardly appreciably 
touched, and does not lose its histre. It is well 
known that the more oxidizable metals take this 
property away from it. But silicon itself, which 
is much less oxidizable, when alloyed with it 
makes it bum with great brilliancy, because there 
is formed a silicate of aluminium. 

Watts: Aluminium may be heated intensely in 
a current of air in a muffle without undergoing 
more than superficial oxidation. When heated as 
foil with a splinter of wood in a current of oxygen 
it burns with a brilliant, bluish-white light. 

' Chemical News,' 1839 : Wiihler finds that alu- 
minium leaf bums brightly in air and in oxygen 
with a hrilliant light. The ATO* formed is as 
Jiard as corundum. Wire burns in oxygen like 
iron wire, hut the combustion cannot continue be- 
cause the wire fuses. 
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MicrziiiHkl: Ahiitrniitiiii kUws not (!hiitiu;i) at-' 
euniewhat high tmiiiiicniturti in llio uir; but i' 
boated to whiten«sB it bums, with tlio produutioa 
of Mtroiip light, to Al'O', whicli covars tho surf 
of tlic biitb. 



Action i>v Watkh (II'O). 



, or a* 



IX'villo: AVat«r has no action on alumipii 
cither at nniinary temi>eratiiro8, or at 100=^, or 
a retl heat Iwrderiiig nn the fiiaing; point of the 
niotal. T boilcit a fine wire in water for half an 
boiiv and it lost not a [larticle in weight. Tbo 
Mime wire wan ])Ut in a glanivtubo heateil to red- 
net*s by an alcohol lamp and traversed by a eurrenC 
of steam, but after several boui-B it had not lost it* 
polifib, and bad the same weight. To obtain on/ 
sensible action it ia necesBary to operate at tl» 
highest lieat of a reverberator^ fiinince, a whit*, 
heat. Kven then the oxidation is so feeble that it 
develops only in spots, producing almost inappre-i 
oiable quantities of A1'(A This ulight atteratiO*. 
and the analogies of the metiil allow us to admit, 
that it decomjioses water, but very feebly. Ifc" 
however, metal produced by M. I^se'tt methoi 
was used, which is almost unavoidably contami' 
liated with slag comimsed of chlorides of alualD' 
iuro and sodium, tbo vM'OI*, in presence of waUTi 
plays the part of an acid towuiils aluminium, Hit 
engaging liydi'ogi!M with the t'oiumtioii of u sul)- W^ 
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chlorhydrate of alamina, wbose composition i> not 
known, and which is soluble in water. WWn the 
metal thas tarnishes in water one mav be sun? to 

m 

find chlorine in the water on testing it with nitrate 
of silver. 

Mierzinski: Cold and warm water have no 
influence on alaminiam even if it is heate^l to 
redness. 

* Chemical Xcws,' 1859: Alaminiam leaf will 
slowly decompose water at 1(N)° : at first it takes 
a bronze color, and after boiling some hours it 
becomes translucent. 

Action of Hydrogen Sulphide axd Sulphur 

(H«S and S). 

Deville: Sulphuretted hydrogen exercises no 
action on aluminium, as may be proved by leaving 
the metal in an aqueous solution of the gas. In 
these circumstances almost all the metals, and 
especially silver, blacken with great rapidity. 
Sulph-hydrate of ammonia may be evaporateil on 
an aluminium leaf, leaving on the metal only a 
deposit of sulphur which the least heat driven 
away. 

Aluminium may be heated in a glass tube to a 
red heat in vapor of sulphur without altering the 
metal. This resistance is such that in nioltinsc 
together polysulphide of potassium and some 
aluminium containing copper or iron, the latter arc 
7 
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attHckcd witlioiit the alimiiiiiiim being e< 
nrt'ected. Unhappily, t\m metliod of piirififation 
nmy not be erniiloyeil bocauso of the protection 
which alum ill ium excroisCB over foreign luetdB. 
Under the eanie eirciiniataiiceH gold and nilvprdis- 
Bolve up very rajddly. However, at a liigh tempera- 
ture I have observed that it combines directly with 
sulphur to give A1*K*. Theso propertieH varying 
8o much with the temperatui-e fonii one of the 
Bpeeial characteriHtiee of the metnl und its alloye. 
Fremy: II'S is without action on ahniiinium, 
acting towards it hb towanls the BulphidoH of iron, 
zinc, or copper. It in true that aluminium decora- 
poses Ag'H, hut it Bete the sulphur at liberty and 
coniliues with the hilvei'. These facts are in ac- 
cordance with the rcHi«tunc'e tlie metal ofiers to 
free eulphur. 

HvLniUKic; Acid (H'SO*). 

Devllle: Sulpliuric acid, diluted in tlie proiwr 
tion moat suitable for attacking the metals wliiJi 
decompose water, has no action on alumltiiiim;anil 
contact with a foreign metal doea not help, &» with 
zinc, the solution of the metal, according to M. J^ 
la Itive. Thifi Bingutar fact tends to remove all' 
Riinium considerably from those metals. To 
establish it bettor, I left for several months wn» 
globules weighing only a few milligriimmcs in con* 
t4ict with weak ]1=.S0*. and they allowed no viftiUe 
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alteration ; however the acid gave a faint precipi- 
tate with aqua ammonia. 

Fremy : Il*SU*, dihite or i^onooiitniteil, oxerci8i»8 
in the cold only a very nlight Rcnsiblo action on 
alaminium, the pure metal is attacked more slowly 
than when it contains foreign metals. The presence 
of silicon gives rise to a disengagement of Sill*, 
which communicates to the hydn>gon set free a 
tainte<l odor. Concentrated IPSO dissolves it 
rapidly with the aid of heat, disengagingsulphurous 
acid gas (S0»> 

Nitric Acid (UNO). 

Deville: Nitric acid, weak or concentrate<l, docs 
not act on aluminium at the ordinary temperature. 
In boiling UNO the solution takes place, but with 
such slowness that I had to give up this mode of dis- 
solving the metal in my analyses. By cooling the 
solution all action ceases. M. Ilulot has obtained 
good results on substituting aluminium for plati- 
num in the Grove battery. 

Hydrochloric Acid (IICl). 

Deville: The true solvent of aluminium is HCl, 
weak or concentrated ; but, when the metal is per- 
fectly pure, the reaction takes place so slowly that 
M. Favre, of Marseilles, had to give up this way of 
attack in determining the heat of a combination c 
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the metal. But impure nhimimuin is disjiolvod 
very rapidly. At a vury low temperature gaaeuus 
HCl attacks the metal and chauges it iuto Al'Cl*. 
Under these circumstanceH irou does not seem to 
alter; able, no doubt, to reftit>t by covering itself 
with a very thin protecting layer of !FeCl*. This 
experiment would lead me to admit that it is the 
HCl and not the water which is decomposed by 
aluminium; and, in fact, the metal is attacked 
more easily as the acid is more concentrated. Tliia 
explains the difference of the action of solutions of 
IlCl and II'SO*, the latter being almost inactive. 
This reasoning applies also to tin. 

When the metal contains silicon, it discngagea 
hydrogen of a more disagreeable smell than that 
given out by iron under similar cireunistances. 
The reason of this is the production of that remark- 
able body recently discovered by MM. Wbhler 
and Buft— SiH*. When the proportion of silicon is 
small, the whole is evolved as gas ; when in- 
creased a little, some remains in solution with the 
aluminium, and then it requires great care to 
separate the metal exactly, even when the solution 
is evaporated to dryness. If 3 to 5 per cent, of Si 
is present, it remains insoluble mixed with a little 
SiC, as has been cleverly proven by Wbhler and 
Bufl' by the action of hydrofluoric acid, which dis- 
solves the SiO* with evolution of H without attack- 
ing the Si itself. On dissolving coroniereial alu- 
minium there is sometimes obtained a black, 
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crystalline residue, which, se^mratcd on a filter and 
dried at 200^ to 800^ takes tire in places; this 
residue is Si mixed with some 8iO^ The pre|enee 
of Si augments very much the facility with which 
Al is attacked by IICl. 

Mierzinski: If IICl is present in a mixture of 
acids, it begins the destruction of the metal. Ill, 
HBr, and IIF act similarly to IICl. 

Potash, Soda, and Lime (KOII, NaOII, Ca(OII)«). 

Deville : Alkaline solutions act with great energy 
on the metal, transforming it into aluminate of 
potash or soda, setting free hydrogen. However, 
it is not attacked by KOII or NaOII in fusion ; 
one may, in fact, drop a globule of the pure metal 
into melted caustic soda raised almost to a red 
heat in a silver vessel, without observing the least 
disengagement of hydrogen. Silicon, on the con- 
trary, dissolves with great energy under the same 
circumstances. I have employe<l melted NaOII to 
clean siliceous aluminium. The piece is dippe<l 
into melted NaOH kept almost at red heat. At 
the moment of immersion several bubbles of II 
disengage from the metallic surface, and when they 
have disappeared, all the Si of the superficial layer 
of Al has been dissolved. It only remains to wash 
well with water and dip it into nitric acid, when 
the aluminium takes a beautiful mat. 

Mallet : The pure metal presents greater resist- 

7» 
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■ •tifo tn the proloiigcil itoti'ni of iilkiiliOH timii t 
limjiiire-. 

\^i'rxiimki : Limo-wattT uct^ similarly to NnCK 

or KOII, with the differenco tlmt the resultinj 

culciutii coiii[)r>iitKl in |>rvci|iltute(]. 

A<iiiA Ammonia (NH'Ull). 

Hdvillr: Aqiift uiiiinoDm mitu only fwhly 
aluniiniuiii, jiruilutring u littiu Al'C, which, uccurd* 
iiig to u v«ry I'unous ohBurvution of Wiihler, bfl« 
tba property of partly dihhiolviug m the amiuoiiia. 
In an atinoupliore in which ammonia wub prcxeut, 
the metal did not lotto its liintrc, which in (tnsily 
explained, hocaiiHe it ifl only in contact with watei 
that the oxidization of tho metal tiikoH placo, wil 
diBoiigagomcnt of hydrogon. 



Ohiianic Aci 



IPiKUAU, KTO. 

illc; Weak acetic aL'id actw on ainminintn 
lue way an Il'SO*,. /. e,, \i\ un inaiipi-wiaWfl 



I tlio I 

I dflgroo or witli extreme hIowiichh. [ nNcd foi' tlio 
MXporimont luiid diluted to tho Htroiigtli of stronj 
1 vinegar. M. Tuul Morln left a plariuo of tho 

I long time in wino whicli contained tartaric 

||ili excuHM and nct'tie neid, uiid fonnd tho notion oi 

miito itMippicciablo. The action of a mixture: 

Hitic iicid and NaOl in Holiitlon in puro water 

I aliiiiiiniiini in very dittcrcnl, fur tli 



iflrj 
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acid replaces a iM>rtiou of the IICl existing in the 
NaCl, rendering it free. However, this action is 
very slow on the Al, especially if it is pure. 

The practical results flowing from these observa- 
tions deserve to be clearly defined, l)ecause of the 
applications which may be made of aluminium to 
culinary vessels. I have observed that the tin so 
often used, and which c*ach day is put in contact 
with NaCl and vinegar, is attacked much more 
rapidly than aluminium under the same circum- 
stances. Although the salts of tin are very poison- 
ous, and Iheir action on the c^conomy far from 
being negligible, the presence of tin in our food 
passes unperceived because of its minute quantity. 
Under the same circumstances, aluminium dissolves 
in less quantity; the acetate of Al fornuHl resolves 
itself on boiling into insoluble AW or an insoluble 
sub-acetate, having no more taste or action on the 
body than clay itself. It is for that reason, and 
because it is known that the salts of the metal have 
no appreciable action on the body, that aluminium 
may be considered as an absolutely harmless metal. 

Solutions op Metallic Salts. 

Deville : The action of any salt whatever may 
be easily deduced from the action of the acids on 
the metal. We may, therefore, predict that in acid 
solutions of sulphates and nitrates aluminium will 
precipitate no metal, not even silver, as Wohlcr has 



*orv(!(i. Hut tlic li)'drncliloric Holiitions of tbv 
no iiiutitln will bo prei;i|iitRtcrl, as MM. Tiwier 
TO Hhowii. liikowiiw, in ulkulino solutioni, Agf 
Pb, ttiifi nietalH liigh in the clftfwiflcatioii of the 
UomontK arc prcciiiirntol. 

It rnny b« voiKjIudud t'vojn tliitt tliat to (li]i[)Oiiii 
aliiiiilriium on otlior mutalM by int-wm of the baf 
tory, it iM alwiiyit noeooHury to use aciii Holutionsil 
whiuh IICl, frt>e or coin bi nod, aliould bo abunt. 
For aimiiar roaHoiiM tho alktilitio Holiitionn ( 
samo nictalH caniiot 1)« crnplnyed, nlthough tbqj 
j(ivo mifli good roHiilti* in plftting common motoll 
with gold atid silver. It is bccaime of them t'iirioii( 
proportieH that gilding and Nilvoi'ing iiliiminiuni 
aro BO difficult. M. Paul Morin and I liavo olW 
tried u bath of batiic sulpliide of gold, or hypoi«ul- 
phite of silver, with a largo excortn of snlphuroDI 
acid, with no good rettultM, Hiit M. Mouroy, wjK 
has already i-cndorcd great aervicoH in gidvunopluMtj 
Pi-ndily gilds and silvers uluniininni for conimer 
with astonishing skill whi^n wo cnnxider the uhot 
time Iiu bus liad to Htndy this qnuHtion. I kiK 
ulsd tliut M. C'lirisldHG Ijilh gilded it, but t Mi 
entirely ignoriint of tho procesHes employed by thoi 
gentlemen. The coppering of aliiniiniiim by I 
bttltcry iHefToettMl very easily bymwinsof M.Hulot^ 
proceiui. Ilo iiHos simply a bath nf acid suljtlu 
f copimr. Tlio layer of copper, if well prepaM 
k very nolid. 
|A11 thfit 1 liiLVe said on Ibe sidijoct of tho octiol 
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of metallic salts is true only for pure aluininiutn. 
Impiiremetal,e8i)e<?iallyifit contains iron orsodium, 
acts then in producing in the copper saltn with which 
I operate a deposit of 'metallic C-u. But this plie- 
nomenon, even in the most unfavorable canes, is 
produced very slowly, and if a leaf of aluminium 
is used one may see at the end of sevend weeks 
the texture of the metal etched with red fibres, as 
if the Fe and Al were only in juxtai>osition, and 
the ferruginous fibres acted alone. Moreover, the 
deposit is only local, and little by little becomes 
complete ; but it is slower as the metal is puixjr. 

Mierziuski: Silver is precipitated by Al from a 
nitrate solution, feebly acid or neutnd, in dendrites ; 
the separation begins after six houi^s ; from an am- 
moniacal aolutiou of AgCl or Ag'CiO*, Al precipi- 
tates the metal immediately as a crystalline powder. 
From CuSO* or Cu(NOV solution, Al separates 
Cu only after two days, in dendrites or octahedra ; 
from the latter it also precipitates a basic salt as a 
green, insoluble powder; from a CuCP solution the 
Cu falls immediately ; somewhat slower from solu- 
tion of acetate of copper. The sulphate or nitmte 
solution behaves similarly if a little KCl is added 
to it, and the precipitation is complete in presence 
of excess of Al. 

From Hg«Cl«, Hg«Cy^ and Ilg^XO^/, ITg sepa- 
rates first, and then forms an amalgam with the 
Al which decomposes water at ordinary tempera- 
tures or oxidizes in the air with development of 



ft2 AI.I'MIMri'M. 

tiiiich lieiit ; the Harne rjualitieH ure jiohw^wci] by tliA 
Rinnlgani formed hy warminj; tlio two mutJilA to- 
Kfi.luTiniuialiii(w|ili..rvorO()*. 

Kroni I'KXO'/' ami PI)((?n'OV the mctiil fK'|)n- 

riiU-H slowly ill crj-stnls ; fmm I'bCi* iinnKHJiaU'ly; 

an alkiiliiio soliitimi of I'hOiO*givi« Ph and Cr'U'. 

From nil nlt'ohoIiaHoliitioii of HjtOl' thellgis 

precrijiitated iimnh ([uitiljer with a umitlc hi-at. Al 

also rtdnmit Ilg from a solution of Hgl* in KI. 

Al mi]>amtoi* llg from HgCI* vapors, uml Al'tli' 

de])08itM ill thy cooler part of the tiilx>, tiio remniii- 

iii^ Al being mcU«il hy the hoat of the reaction; 

Al acts likt'wisc toward moltotl AgCI, tho Biker 

«et fruo hoiiift inollod hy thu lit-at of tlic reactioii< 

Zn in Diwily thrown down from alkulino nolutioir. 

Frcmy: Aliiminitim docompoHoM a vory lfir((e 

I nunihor of metallic woliitions, wiiich taktm pliu^e 

Veipecially eamly if tlie solution in mwle alkalino 

tor animonincal. Acid, und en^icciHlly neutral Bolii- 

■■tioim, are Ions favorahlo for the oxjieriiuoiit. All 

^tio ehloridcm, excepting KCl and NaOI.an! reduced 

I'by it, Al'Cl* in no exception, for the solution ii 

l'd»com[K»«:-d with evolution of hydrogon. All^ 

Itiilnlum uaMily rexiMU Rotntions of NuCl and aluiK 

l«eparat«ly, hut diitnolvoA in a mixed aoltilioii of 

IthcHO two Haltg. In iilkulino Holntioii, the metal* 

[ are proeipiUited hocminfoi" the facility with which 

I'llluminuteH of the iilkalinH arc formed. 

Wattw (2d Sniiplcniciil): Tim action of atumiii' 
urn on nictullic wilmioiw in um followB: Cij iw prw- 
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cipitated from copper salts ; Pb is slowly precipi- 
tated from lead salts; Ag is preeipitate<l from a 
slightly acid or neutral solution of AgXC)*; Zii is 
readily precipitated from zinc salts* 

Nitre. 

Deville: Aluminium may be melted in nitre 
without undergoing the least alteration, the two 
materials rest in contact without reacting, even at 
i red heat, at which temperature the salt is plainly 
ieconiposed, disengaging oxygen actively. I5ut if 
'he heat is pushed to the point where nitrogen 
itself is disengaged, there the nitre becomes potassa, 
ft new affinity becomes manifest, and the phenomena 
change. The metal then combines rapidly with 
the K*0 to give aluminate of potash. The accom- 
panying phenomenon of flagration often indicates a 
very energetic reaction. Aluminium is continually 
melted with nitre at a red heat to purify it by the 
oxygen disengaged, without any fear of loss. But 
it is necessary to be very careful in doing it in an 
earthen crucible. The SiO* of the crucible is dis- 
solved by the nitre, the glass thus formed is decom- 
posed by the aluminium, and the silicide of alu- 
minium formed is then very oxidizable, especially 
in the presence of alkalies. The purificjition by 
nitre ought to be made in an iron crucible well 
oxidized bv nitre inside. 
Freniy : At the melting point, aluminium is not 
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attacked by nitre ; this property has been at times 
utilized to oxidize and then remove the metals 
alloyed with it, but it is now demonstrated that 
this mode of purification is very imperfect. 

Mierzinski: Heated to redness with nitre, alu- 
minium burns with a fine blue flame. 

Silicates and Borates. 

Deville: By treating silicates and borates with 
aluminium silicon and boron may be obtained. 
The process is described at the end of Devi lie's 
book, but is too long and foreign to the subject in 
hand to be given here. 

Tissier : Aluminium melted in an ordinary white 
glass vessel oxidizes itself at the expense of the 
SiO^, setting free silicon, and the alumina formed 
combines with the alkali forming an aluminate. 
In experiments which we have made, the metal 
became covered with a thin layer of silicon, while the 
metal which remained underneath was still malle- 
able and did not appear to be combined with Si. 

Fluorspar. 

Tissier: This salt is without action on the metal 
and makes its best flux, especially so because of the 
property which it has of dissolving the alumina 
with which the metal may be contaminated and 
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which encrusts little globules, Tlie fluorsi»ar, by 
dissolving this crust, facilitates their reunion. 

Phosphate of Lime. 

Tissier : We have heated to white heat a mixture 
of pure Ca*(PO)* and aluminium leaf, without the 
metal losing its metallic appearance. This material 
thus appears to have no action on the metal. 

Sodium Chloride (XaCl) and Chlorides. 

Deville: A solution of sodium or potassium 
chloride, in which is put a pure aluminium wire, 
seemed to me to exercise no sensible action on the 
metal, either cold or warm. It is not the same 
with the other metallic chlorides, and we may 
state that, as a general rule, these are decomj)Osed 
by aluminium with greater facility as the metal 
which they contain belongs to a higher order. The 
chlorhydrate of A\ itself dissolves aluminium 
forming a sub-chlorhydrate with evolution of hy- 
drogen. 

Tissier: NaCl is employed as a flux for Al in 
remelting it. It does not possess the property, like 
CaF*, of dissolving the A1*0', and has the incon- 
venience of producing with the clay of the crucible 
a sensible quantity of Al'Cl*, which may on con- 
tact with the air act in promoting the loss of a 
^rtain quantity of metal. 

8 



MUTAI.MO OXIDKS. 

Tmsior : Wti mado our (^xporiiiii'iitri in tliin wuy: 
The A\ lout' was mixed CRrofully with tin' oxiiio 
on whic'li we cxporitEictitol, then tlio tiiixLurc wiw 
plivcod in II Mtnull {lorctiluin (»[i8ul<> and hcutcd in a 
iimiill eartlR'u erut^iblo wliicli HCrvud M u iiiiifliG. 
Our roHuitu wore !ih f'olIowH : — 

MnC)*— Aluiuiniuni lias no action on nmujruiiCTB 
dioxide. 

Ftj'l)* — By heating fo white heat 1 equivalent fif 
Fe*{)' and 8 of Al, the reuetlon took place with 
detonation, and hy licatinji NufHciently wo ohtainud 
iiictallit! button, well melted, and containing 69.8 
por cent. Pe and HU.7 per cent. AI, being ai» hiirJ 
atul brittle aH eitHt-iron. Its eoniponition is nearly 
AlKe. It would thus appear that the deconipositii'O 
oi'I'VO" will not pass the limit where tlio quiuitity 
of ii'ou reduced irt snfKeicnt to form with thoalu* 
minium the alloy AlFo. 

ZnO: A mixture of itluminlum leaf and 

oxido heated to whileness iliil not appear to pi 

the least indication of decoiiipoMition. 

I'bO: We mixed 2 ecjuivalentH of litharge wil 

I of aluminium, and lieatod the mixture wlowly ■ 

I white heat, when tlio AI reacted on the I'bO 

BUeh intenntty aa to prinhice a strong detonntiftoT 
I We made an experiment with ftO griimnies of PbO 
Liiid 2.0 grammes of AI leaf, when the crucible WM 



nd «a^ 
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broken to pieces and the doors of the furnace blown 
off. 

CuO : 3 grammes of black oxide of copper mixeil 
with 1.08 grammes of aluminium detonated pnv 
ducing a strong explosion when the heat reached 
whiteness. 

Mierzinski: Aluminium re<1uces CuO and PbO 
with explosion, FeHJ* only in jmrt, forming the 
alloy AlFe. ZnO and MnO are not reduced by 
aluminium. 

Beketoff :* He reduced baryta (BaO) with metal- 
lic aluminium in excess, and obtained alloys of 
aluminium and barium containing in one case 24 
per cent, in another 83 per cent, of Ba. 

Animal Matters. 

Deville: Among the animal matters produced 
by the organism, some arc acid, as sweat. These 
appear to have no sensible action on aluminium. 
Alkaline materials, as the saliva, have a greater 
tendency to oxidize it, but the whole effect produced 
is insignificant. M. Charrifere has made for a patient 
on whom he practised tracheotomy a small tube 
of the metal, which remained almost unaltered 
although in contact with purulent matter. After 
a long time a little alumina was formed on it, 
hardly enough to be visible. 

* BalL dc la See. Chem., 1857, p. 33. 



88 aluminium. 

Mi8cf:llaneous Aoknts. 

Tisflicr: Only 2.05 grummcB of aluminium intro- 
duced into moltod red hot Hodium8ulphatc(Ntt*S0^) 
decompoHed that Halt with such intensity that the 
crucible waw broken into a thouHand pieccfl, and 
the door of the furnace blown to a distance. 
Heated to redncHH with alkaline carbonate, the 
Al waH slowly oxidized at the expense of the CO*, 
C was set free, and an aluminate formed. The 
reaction takes place without deflagration. 

Mierzinski: Ueated to redness with potassium 
or sodium sulphate, aluminium gives a strong 
detotuition. rotassium carbonate quickly destroys 
the metal with separation of carbon. Hydrogen, 
nitrogen, 8ulj»hur, and carbon are without any 
influence on ahiminium, but chlorine, iodine, bro- 
mine, and fluorine attack it rapidly. 

(}KNKRAL OUHKIlVATfONH ON TIIK PROPERTIKS OF 

Aluminium. 

Deville: Aluminium, at a low temperature, con^ 
ducts itself as a metal which can give a very wcalc 
base; in consecpience, its resistance to acids, IICl 
exc(q>t(Ml, is very great. It (ionductjs itself with 
the alkalies as a metal capable of giving a quite 
energetic a<;id, it being attacked by K^O and Na*0 
dissolved in water. Hut, this affinity is still 
insufficient to determine the decomposition of 
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melted KOH. For a stronger reason it does not 
decompose metallic oxides at a red heat. This is 
why, in the muffle, the alloy of aluminium and 
copper gives black CuO, and this also accounts for 
the alloy of aluminium and lead being capable of 
being cupelled. But, by a strange exception, and 
which does not appertain solely, I believe, to alu- 
minium, as soon as the heat is above redness the 
affinities are quickly inverted, and the metal takes 
all the properties of silicon, decomposing the oxides 
of lead and copper with the production of alumin- 
ates. 

From all the experiments which have been re- 
ported and from all the observations which have 
been made, we can conclude that aluminium is a 
metal which has complete analogies with no one ot 
the simple bodies which we consider metals. In 
1855 I proposed to place it along side of chromium 
and iron, leaving zinc out of the group with which 
aluminium had been until then classed. Zinc is 
placed very well beside magnesium, there being 
intimate analogies between these two volatile 
metals. There may be found at the end of a memoir 
^hich M. Wohler and I published in the ' Compt 
Rendue' and the ' Ann. de Chem. et de Phys.' the 
reasons why we are tempted to place aluminium 
near to silicon and boron in the carbon scries, on 
grounds analogous to those on which antimony and 
arsenic are placed in the nitrogen series. 

8* 



PART V. 

MKTALLUKOV OP ALUMINIUM. 

-Ah luiH 1k»(»!i rcnmrkod in the hiHtorical ftcction, 
l)avy wiiH llu^ firwt to try to iHoluto aluminium. 
IIIh uMoiiiplH wcri! unHUc(H»HHful. The next chemiBt 
to piihlirth un account of attoinptH in thiu direction 
wan Ocrstcdt, who publinlKid a paper in 1824 in ft 
Hwcdinh piu'iodical.**^ OerHtedfu original paper i« 
thus trunHlated into Hc^rzdiuH' *JahreHl)crieht:'t 

"( )('rHt(Mlt mixcri cal(^inc<l and pure alumina, quite 
fVcnlily prepared, with powdered charcoal, putH i^ 
in a porcelain n^tort, igniten and leadn CI ff^^ 
throu<j[;h. TluM-oal tlu^n reducoH the alumina, an<* 
then^ rcHultrt AIH'I*' and ()(), and pc»rhapH alHo wmi^ 
])hoH«r(»n(», (M)()12; ih(» AlH'l^ in caught in the eoir 
deUHcr an<l thc^ganeH eHcai>e. The AlH^l* Ih whitCf 
cryHtaHin(s nuiltn ahout the temperature of boiliuff 
water, (uinily attractrt moirtture, and ovolveH beat 
when in contact with water, if it ih mixed with 
a conc(uitrat(*d potaHKium amalgam and heate<l 
quickly, it in tranHtbrmed ; there remdtH K(>l, and 

* OvorHlgt over dot K. DaiiHko VidonHkabcmot Helkabt 
ForliHiKnin^ar og dctH ModlcnnnorH Arbddcr. May, 1H24, to 
May, lH'i.% p. 15. 

f lU'Y'A. .JahrcHl). dor Chmni(s 1H37, vi. 118. 
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flje aluminium unites with tbc niorcury. The new 
amalgam oxidizes in the air very quickly, und 
givra as residue when distilled iu a vacuum n lump 
of metal resembling tin in color and lustre. In 
addition, Oerstedt tbund many remarkable prop- 
erties of the metal and of the amalgam, but he 
tokls them for a future communication after further 
investigation." 

I have not been able to find any other jiafier by 
OurBtedt, but the next advance in the science is by 
Wiihler, and all agree in naming him as the true 
discoverer of the metal. The following is taken 
from Poggendorf * 

Wohler reviews the article which we have just 
given, and then continues as follows: — 

"I have repeated this experiment of Oerstedt, 
but achieved no very satisfactory result. By heat- 
ing potassium amalgam with A1*C1' and distilling 
the product, there remained behind a gray melted 
mass of metal, but which, by raising the heat to 
redness, went off as green vapor and distilled as 
pure potassium. I have therefore looked around 
for another method or way of conducting the ope- 
ration, but, unpleasant as it is to say it, the reduc- 
tion of the aluminiuni fails each time. Since, how- 
ever, Herr Oerstedt remarks at the end of his paper 
that he did not regard his investigations in alu- 
minium a8 yet ended, and already several years 
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have passed since then, it looks ae if I bad takea 
up oue of those researches begun auspiciously by 
another (but not fiuisbed by him) because it prom- 
ised new and splendid results. I must remark, how- 
ever, that Herr Oei-stedt has indirectly by his silence 
encouraged me to try to attain to further results my- 
self, Hefore I give the art how one catl quite 
easily reduce the metal, I will say a few words 
about Al'Cl' and its production. 

"I based the method of reducing aluminium on 
the reaction of Al'Cl' on potassium, and on the 
property of the metal not to oxidize in water. I 
warmed in a glass retort a smalt piece of Al*01' 
with some potassium, and the retort was shattered 
with a strong explosion. I tried then to do it in a 
Hmall platinum crucible, in which it succeeded very 
well. The reaction is always so violent that the 
cover must be weighted down, or it will be blown 
oft"; and at the moment of reduction, although the 
crucible be only feebly heated from outside, it sud- 
denly glows inside, and the platinum is almost torn 
by the sudden shocks. In order to avoid any 
mixture of platinum with the reduced aluminium, 
I next made the reduction in a porcelain crucible 
and succeeded then in the following manner : Put 
in the bottom of the crucible a piece of potassium 
free from carbon and oil, and cover this with an 
equal volume of pieces of A1*C1'. Cover, and heat 
over a spirit lamp, at first gently, that the crucible 
be not broken by the production of Ijeat inside, 
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and then heat stronger, at last to rediiesH. Cool, 
and when fully cold put it into a glass of cold water. 
A gray powder separates out which on nearer ob- 
servation, especially in sunlight, is seen to consist 
of little flakes of metal. After it has separateil, 
pour off the solution, filter, wash with cold water, 
and dry ; this is the aluminium." 

In reality this iK>wder possesseil no metallic 
properties, and, moreover, it containeil iM)tassium 
and AlHJl*, which gave to it the prc^perty of de- 
composing water at 100*^. To avoid the loss of 
AlHJl* by volatilization at the high heat develoiKKl 
during the reaction, Liebig afterwards made the 
vapor of Al'Cl* pass slowly over some iK>ta.ssium 
placed in a long glass tube. This device of Liebig 
is nearly the arrangement which Wohler adoj)ted 
later, in 1845, and which gave him much better 
results. The following is Wohler's second paper, 
published in 1845 : — * 

"On account of the violent incandescence with 
which the reduction of AlHJl* by jiotassium is ac- 
companied, this operation requires great precau- 
tious, and can be carried out only on a small scale. 
I took for the operation a ]>latinum tube, in which 
I placed A1*C1* and near it some potassium in a 
platinum boat. I heated the tube gently at first, 
then to redness. But the reduction may also bo 
done by putting potassium in a small crucible 

* Liebig*8 Annalen, 53, 422. 
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which is placed inside a larger one, and tlio Bpace 
between the two filled with A1*C1*, A elouo cover 
is jmt over the whole aiifl it is hejtted. Ei[ual 
volumea of potassium and Ai*0!* are tlio best pro- 
portions to employ. After cooling, the tnbe or 
crucible ia put in a vessel of water. The metal is 
obtained aa a gray, metallic powder, bnt on closer 
obflervation one can Boe even with the naked eyo 
small tin-white globules some as large as pins' lieads. 
Under a niientscope magnifying two hundred diam- 
eters the whole powder renolvea itself into small 
globules, several of whieb may sometimes be seen 
Btieking together, showing that the metal wa» 
melted at the moment of reduction. A beaten-out 
globule may be again melted to a sphere in a bead 
of borax or salt of phosphorus, bnt iilpidly oxidize* 
during the operation, and if the heat ia oontiuaed, 
disappearB entirely, seeming either to reduce boron 
In the borax bead or phosphorus or P^Cln the salt 
of phosphorns bead. I did not sueceud in molting 
together the pulverulent aluminium in a crucible 
with borax, at a temperature which would liavB 
melted cast iron, for the metal disapiieareil entirely 
and the borax became a black slag. It seems prob- 
able that aluminium, being lighter than molten 
borax, swims on it and burns, The white metallic 
globules had the color and lustre of tin. It is pe^ 
tectly malleable and can be hammered out to the 
thinnest leaves. Its spoeitic gnivity, determined 
with two globules weighing 3^ milligrammes, was 
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2.50, and with three hammered-out globules weigh- 
ing 34 miUigrammes, 2.67. On account of their 
lightness these figures can only be approxiniatc. 
It is not magnetic, remains white in the air, de- 
composes water at 100°, not at usual temperatures, 
and dissolves completely in caustic potash (KOII). 
When heated in oxygen almost to melting, it is 
only superficially oxidized, but it burns like zinc 
in a blast-lamp flame." 

These result* of Wohler's, especially the deter- 
mination of sp. gr., were singularly accurate when 
we consider that he established them working with 
microscopic bits of the metal. It was just such 
work that established Wohler's fame as an investi- 
gator. However, we notice that his metal dittered 
from aluminium as we know it in several important 
respects, in speaking of which Deville says: "All 
this time the metal obtained by Wohler was far 
from being pure; it was very diflicultly fusible, 
owing without doubt to the fact that it contained 
platinum taken from the vessel in which it had 
been prepared. It is well known that these two 
metals combine very easily at a gentle heat. More- 
over, it decomposed water at 100°, which must be 
attributed either to the presence of some potassium 
or to Al'Cl*, with which the metal might have 
been impregnated ; for aluminium in presence of 
APCP in eftect decomposes water with evolution of 
hydrogen. 

After Wohler's paper in 1845, the next improve- 
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iiiuiit iit tlial- iiitrodiiccil by Dovilk", in 186*^ 
mid tliU iH reiilly tliu ilutuut wlik-li iiluminiutn, tbo 
niotul, bwanio known aii<l itw triio jinipt^rtioH estub- 
]iiihe<1. llu tirnt read to the Acudtttii}' an account of 
hitt liiborRtory praceHs, by which hfi obtained r 
pencil nt' the mctjil. Tlio following ih \m account;" 
"The tiillowing is the bent method for obtaining 
ahiininiuni ebcniically iiuro in the hiborutory. 
Taku a large gliMH tube about four eoritiinetrCHtD 
diametiT, and |nit into it {uiru A\HJ\* free from 
iron, and iBolato it botwwti two HtopiiorH of ami' 
Entlms(tiiie,BilkyuHbo»toH). Hydrogen, well dried 
itnd free front air, is brought in at one end of tbo 
tulio. The j\I'('l° ift honted in this cnrrcnt of gu 
by some Inniiw of chni't^oat, in onler to drive oft' 
hydrochloric acid or rtiilphiiloH of ehlorino or of 
silicon, witli whivh it in always impregnated. Then 
there are introduced into tlie tube [)orccIain boata. 
0" large a« [voasiblo, each containing wevepal grammtf 
of nofliuni, which was previously rubbed quite drj 
between leaves of filt^>r paper. The tube being fa\ 
of liydrogcri tho sodium is molted, tbn Al'Ol* ii 
hciited and distils, and decomposes in contact witj 
the sodium with Incatidcsronce, the intensity o: 
which can bo modcratod at [ilciwuro. The operatiot 
is ended when all the sodinm has disii]t|icarod, anc 
when the Hodiuni cblnridc forrneil ban absorbed W 
much AI'Cl' as Uy bo siituruted with it. Tbo A 



I, di', Pliyi. (it d« C'lii'in,, Kllii. 31, 



METALLUROT OP ALtJMtNIUM. 97 

which has been formed i^ held in the double 

chloride of sodium and aluminium, AlHI!l*.2NaCl, 

a compound very fusible and very volatile. The 

boats are then taken from the glass tube, and their 

entire contents put in boats made of retort carbon, 

which have been previously heated in dry cjilorine 

in order to remove all silicious and ferruginous 

matter. These are then introduced into a large 

porcelain tube, furnished with a prolongation; and 

traversed by a current of hydrogen, dry and! free 

from air. This tube being then heate<l to redness, 

the Al*Cl*.2NaCl distils witliout decomposition 

and condenses in the prolongation. There is found 

in the boats, after the operation, all the Al which 

had been reduced, collected in at most one or two 

sraall buttons. The boats when taken from the 

tube should be nearly free from Al'Cl'.2NaCl and 

also from NaCl% The buttons of aluminium are 

united in a small earthen crucible which is heated 

as gently as possible, just sufficient to melt the 

metal. The latter is pressed together and skinpmed 

clean by a small rod or tube of clay. The metal 

thus collected may be Very suitably cast in an 

ingot mould." 

The later precautions added to the above given 
process were principally directed towards avoiding 
the attacking of the crucible, which always takes 
place when the metal is melted with a flux, and the 
iluminium thereby made more or less siliceous. 
The next improvement was the introduction by 
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Deville of an application 
on a large scale of the iab- 
omtrirj method juet de- 
scribefl. lie first put it 
up at the uhemical works 
of M. du Sussex, at Javel, 
and later at the works of 
MM. Kouseeau Bros., at 
Glaciere. It has at pre- 
Bcnt only an historit; intcr- 
est, as it was soon raodi- 
licd in its details so as to 
be almost entirely chang- 
ed, but I give it here so 
as to show the difieront 
plijisea thi-ongh which the 
industry has passed. The 
text is not given in full as 
Deville describes it, whieh 
would be unneceaaary ; but 
the condensed account 
gives a clear idea of the 
process. The full descrip- 
tion may be found in De- 
ville 'a book, or in the'Ann. 
de Chem. et de Phys.' [3] 
slvi. 445, where it first 
appeared. 

The crude A1*C1', placed 
in the cylinder A, is vj 
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^fflxdd liy the fire and passes ttirougli tlie tube to 
the cyliudep B containing 60 to 80 kilos of iron 
naile heated to n dull-re*! hent. The iron retains 
as relatively fixed ferrous chloride, the ferric 
chloride and hydrochloric acid wliic'h contaminate 
the Al'Cl*, find likewise tranafomis uny sniphur 
dicldorido (SCI*) in it into fvrroiiR chloride and onl- 
phide of iron. Tlie va}KirH on passing out of B 
throngh the tul)e, whioh is kept at about 300°, 
deposit spangles of fen-ouft chloride, whicli ia with- 
out senaihte tension at that temiterature. Tlie 
vapors then enter Z*, a cast-iron cylinder in which 
are three cast-iron boats each contain'uig 800 grms. 
of sodium. It is siitiicient to heat this cylinder 
barely to a dull-red heat in its lower part, for the 
reaction once comnionct'd disengages enough heat 
to complete itself, and it ia often noL'essary to take 
away all the fii-e from it. There is at first pro- 
duced in the fii-st boat tionie alumiiiitini and some 
Bodium chloride, which lutttT combineH with the 
excess of Al'Cl' to form the volatile chloride 
Al*Cl'.2N'aCl. Theae vapora of iloublo chloride 
condense on the second boat and are decomposed 
by the sodium to alumiriium and sodium chloride. 
A aimilar reaction lakes place in the thinl boat 
when all the aodium of the second has disappeared. 
When on raising the cover it is seen that the reac- 
tions are over, the boats are taken out, immedi- 
ately replaced by others, and are allowed to cool 
covered by empty boatb. In thia iirat operation 
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the reliction is raitly conipieto, tor tlio Hotiium 
prote<:t«d by tlie layer of NaUl formed Bt i 
expeiifle. To miike thiH disappear, the coiiteiita ol 
the boata are put into cuttt iron pot« or enrtlien 
orucihleH, which are heated until the Al*CI*beginf 
to volatilize. Then the pots or cruciblen are cooled 
and thoro is taken from the npper part o.f thai?. 
contents a layer of Nii( '1, almost pure, while und«f 
poath are found jrlobuloM of aluminium, which ai 
topariktoil from the rcsiiluo by washing witli wat«c; 
Unfortmmtely, the water in diBaulving tJio AIHSS 
of tlie flux cxi'roiaoH on thv- nietiil a vary rapi^ 
deittruetive iietiitn, and only the globuloH larglC 
than the head of a pin aru Muvcd from tbia waBbing^ 
ThoBo aro gathered together, dried, melted in a 
eartlien frneiblo, and presBod togt>Hior with a cl*! 
rod. The button in tlien east in un ingot mouldi 
It is iuiporfant in this operation t(>ura]iloy only WW 
puritiod Hodi<ini,iind nut lomelt thouhiiniuiumlfnl 
Btill contains any aodium, for in tliis euBO the nwUi 
taken fire and burnx us long an any of tlio alkalio' 
metal remains in it. In Hueli a ea»e it is neueaeary t 
temelt in presenee of a little Al'CI*.2NaCl." 
, Deville sayrt later, "Bueh was the detestable p' 
iiHMt by means of wliieli we made the ingota ' 
(lluminium whieh were Bont to the KxpoBition." 
. Dovillo, after this, tried some experimeutx 
irhieli be u^'d sodium vuiior, and he thus repol 
^\» result*! in his hook: "This procetw, whichn 
'Jiave notpfrfceleil, \n very ciisy lo openito,andga.'' 
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Tery pure metal at the firat attempt. I oporute 
lis follows: I till a merenry Ixittle with a mixture 
of cbnlk, carbon, and carbonate of soda, in tlio 
pn)p<irtioiia best ft»r goiierating sodium. Ati itim 
tube about ten centimetres long is screweii to the 
bottle, ami tlie whole placet! in a wind fnrnnee, 
90 that tlie bottle i« heated to red-white and tljc 
tube is red to its end. The end of the tiit>e is 
then inlnxlnced into a hole made in a large earthen 
crucible aljout one-fourth way fnim the Irottom, 
BO that the end of the tube jimt reae-ht« th« insido 
anrfftce of the cniciblo. The carbonic oxide (CO) 
disettgaged burns in the bottom of the crucible, 
heating and drying it; al'tcrwanls the sodium tiame 
api«3ars, and then pieces of AI'Cl* are thrown into 
the crucible from time to time. The salt volutilizes 
and decomposes before this sort of tuyere from 
■which issnes the reducing vapor. A1*C]' is adde<l 
"when the vapors coming from the crucible cease to 
fce acid, and when the flame of sodium burning in 
the atmosphere of AI'Cl* loses its brightness. When 
the operation is finished, the crucible is broken and 
there is taken from the walls below the cntnmce 
of the tube a saline mass comiwsed of NaCl, a 
ccnsiderable quantity of globules of aluminium, 
and some sodium carbonate, which latter is in 
larger quantity the slower the oi^ration was per- 
formed. The globules are detached by plunging the 
»aliue mass into water, when it becomes necessary 
lo notice the reaction of the water on litmus. If the 
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water becomee ncid, it ih rpueweil often ; if iilkalifll 
th« miiHS imprognntfld with rnotat muHl bu iligeetcil 
in iiitrit! acid diluteil witii three or four volurncjB of 
wat<^r, niid »o the metal ix left inta<;t. The globules 
are reunited by melting witli tlie precautioiin before 
given." 

Bevillc modifii'il thcHc iiictliodH in various wajii!!. 
A\*C\* is a deliqiieMCL'nt Bult, ditKmlt of |)reHorvtttiori, 
and 00 was soon roplacfd hy AI*C]*.2NuUl, which 
does not prcHent thewe inconvenitini-ee. Tho doublu 
chloride, liowevur, does draw Homo moiHtiiro and 
boI<in it energetically, from which it resultn that at 
a high tom[H.>ratureitwill give rino to Home alumina, 
wliicb eiicIoBee the globules of metal with a thin 
uoatiiig and ho binders tlieir emy i-eiinion into a 
button. Devillo remarked that tbe preseuco of 
fluorides faeilitated the reunion of these globules, 
iv'bicb he attributed to their dissolving the coat of 
A1*0* on them. Since then, tbe eiiiiiloymunt of a 
fluoride as a flux is considered iieeeswipy to over- 
come the etteet produced primarily by the Al'Cl*.- 
2NaCl holding moistu re 80 Giicrgetically. Tlie first 
fluoride employed by Devilte was fluoittpar, which 
was soon replaced by cryolite. Tins opens up the 
Bubjeet of tbe reduction of aluminium from cryolite, 
and simte I'ercy and Rose both prece<led Deville in 
using it, T will flrstgivo their investigations, follow- 
ing with those which iJevillc published in 1861), 
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Reduction from Cryolite. 

We will here give II. Rose's entire paper, as an 
account of this eminent chemist's investigations 
written out by himself with great det^iil, describ- 
ing failures as well as successes, cannot but be of 
value to all interested in the production of alu- 
minium.* 

'•Since the discovery of aluminium by Wobler, 
Deville has recently devised the means of procuring 
the metal in large, solid masses, in which condition 
it exhibits properties with which we were previ- 
ously unacquainted in its more pulverulent form 
as procured by Wohler's method. While, for in- 
stance, in the latter state it burns vividly to white 
earthy alumina on being ignited, the fused globules 
may be heated to redness without perceptibly oxi- 
dizing. These differences may be ascribed to the 
greater amount of division on the one hand and of 
density on the other. Accoiiling to Deville, how- 
ever, Wohler's metal contains platinum, by which 
he explains its difficulty of fusion, although it 
affords white alumina by combustion, l^pon the 
palilication of Deville's researches I also tried 
to produce aluminium by the decomposition of 
Al*Cl*.2NaCl by means of sodium. I did not, 
however, obtain satisfactory results. Moreover, 
Prof. • Rammelsberg, who followed exactly the 

♦ Pogg. Annalen, Sept. 1855. 
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method of Deville, obtained but a very email pro- 
duct, and found it very difficult to prevent the 
craijktng of the glasa-tube in which the experiment 
was conducted by the action of the vapor of Bodium 
on Al'CI'. It appeared to me tliot a great amount 
of time, trouble, and expense, aa well as long prac- 
tice, was necessary to oblain even small quantities 
of this remarkable metal. 

"The employment of Al'Cl' and its compounds 
with alkali chlorides is particularly inconvenient, 
owing to their volatility, deliquescence, and to the 
necessity of pi-eventiiig all access of air during 
their treatment with sodium. It very soon occurred 
to me that it would be better to use the fluoride of 
aluminium instead of the chloride; or rather the 
combination of the fluoride with alkaline fluorides, 
such as we know them through the investigations 
of Bcraelius, who pointed out tlie strong affinity 
of A1*F« tor NaF and KF, and that the mineral 
occurring in nature under the name of Cryolite 
was a pure compound of Al'F* and KaF. 

" This compound is as well fitted for the prepara- 
tion of aluminium by means of sodium as AI*CI* 
or Al'CI*.2NaGl, Moreover, as cryolite is not vola- 
tile, is readily reduced to the most minute state of 
division, is free from water and does not attract 
moisture from the air, it affords peculiar advan- 
tages over the above-mentioned compounds. In 
fact, I succeeded with much less trouble in prepar- 
ing aluminium by exposing cryolite together with 
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sodium to a strong red heat in an iron crucible, 
than by using AlHUl* and its compounds. IJut the 
scarcity of cryolite prevented my pursuing the ex- 
periments. In consequence of receiving, however, 
from Prof. Krantz, of Bonn, a considerable quan- 
tity of the purest cryolite at a very moderate price 
($2 per kilo), I was enabled to renew the investi- 
gation. 

" I was particularly 8timulate<l by finding, most 

unexpectedly, that cryolite was to be obtaine<l hero 

in Berlin commercially at an inconceivably low 

price. Prof. Krantz had already informed me that 

cryolite occurre<l in commerce in bulk, but could 

not learn where. Shortly after, M. Rudol, the 

manager of the chemical works of II. Kunheini, 

gave me a sample of a coarse white powder, large 

quantities of which were brought from Greenland, 

byway of Copenhagen, to Stettin, under the name 

of mineral soda, and at the price of $3 per centner. 

Samples had been sent to the soap boilers, and a 

8oda-lye had been extracted from it by means of 

quicklime, especially adapted to the preparation of 

many kinds of soap, probably from its containing 

alumina. It is a fact, that powdered cryolite is 

completely decomposed by quicklime and water. 

The fluoride of lime formed contains no alumina, 

which is all dissolved by the caustic soda solution; 

and this, on its side, is free from fluorine, or only 

contains a minute trace. I found this powder to 

t>6 of equal purity to that received from Pi'of. 
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Krantzi It (liBeolveil without residue in JICI (b 
platimuri vpwsoIh); the Holntion evaporatetl to dry* 
ne«8 with II'SO, nnd lieatcd till oxvess of iictd wW 
diBsiputed, gave a rowiduo which dissolved com* 
pletcly ill water, with the aid of a littlo HG& 
From this solution, ammonia precipitated a cow 
siderable quantity of ahimina. The solution tillered' 
fmm the prct-ipitatc funiislied, on evaporation, ^ 
residue of sulphate of soda, free from potoslL' 
Moreover, the powder gave the well-known nr 
actions of fluorine in a niurkcd degree. Tbtl 
powder was eryolite of great purity: therefore thf 
coarse powder I first obtained was not the fora 
in which it was originally pi-oduced. It is no« 
obtainable in I3or]in in great masses; for the prepft^ 
ration of alnniininni it must, however, be reduce' 
to u very fitio powder. 

"In my exponmentfl on the preparation of aim 
minium, which were performed in company witl 
M. Weber, and with his most zealous assintenoe, ] 
made use of small iron crucibles, 1} inches higl 
and I'i inches upper diameter, wliit-h I hntl < 
here. In these I placed the iiiioly divided cryoliti 
between thin layci-s of nodinm, prea8<.<d it do* 
tight, covered with a gooil layer of potaasiua 
chloride (KOI), and elosod the crucible with a well 

ting porcelain cover. 1 found KCl the mo« 
jdvantagcotiH flux to employ; it has the lowet 

sclflo gravity of any wbleli could bo used, a 
Ibportunt point when tiic sllglil density of tlH 




UETALLUROV OP AM'MINIUM. 



107 



metal ia taken into coii8iilcratii:in. It also iiiori-'aacts 
the fasibility of the oodtnm fluoride. I usiialiy 
employed G<]ital weights of cryolite and KCl, and 
for every five part« of cryolite two [lartrt of sodium. 
The most fitting quantity for tlic crucible was 
found to be ten grammea of iiuwdured (.Tyolilo. 
The whole was minted to a strong red heat by 
means, of a gan-air blowpipe. It was found moat 
advantageous to maintain the heat for about half 
an hour, and not longer, the crueible being kept 
cloaely covered the whole lime ; the contenta were 
tlien found to be well fused. When quite cold the 
melted mass is removed fnjm tlie crucible by ineana 
of a spatula, this is faeilitutetl by striking the 
outside with a hammer. The crucible may lie 
employed several times, at last it is broken by the 
hftmnier blows. The melted mass is treated with 
Wftter, when, at times only, a very minute evolu- 
tion of hydrogen gas is observed, whicli has llie 
aame unpleasant odor as the gaa evolved duiing 
solution of iron in IICl. The carbon containe<l in 
tliis gas is derived from a very slight trace of 
naphtha adhering to the sodium after drying it. 
On account of the difficult solubility of NaF, the 
DBfis 18 very slowly acted on by water, although 
the insolubility is somewhat dimhiished by the 
presence of tlie KOI. After twelve hours the mass 
IS Bofteoed so far that it may he removed from the 
liquid and broken down in a porcelain mortar. 
Lai^e globules of aluminium are then discovered, 
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rwoighiiig from 0.11 to 0.4 or even O.ft gmnime, 

Iwliicl) may be He[jsrate(l out. The Hinntler globules 

I cannot well be weparateil from the undeconiiiosed 

Icr^'olito and the alumina always pporliiee<l liy 

I Wftrthing, owing to their being Kpccitit^aily lighter 

'■ than tlio latter. The wliole it* treated with UNO* 

in the cold. Thti Al'O' is not diHsoIvod tliorcbji 

but tlio little globnk's then firttt u^uniu their Iriio 

tuittulliu hiHtn\ They are dried and rubbed on liiie 

silk iniirtliti ; tlio liiiely^powdered, iindecom[iosed 

I Cryolite and AlHJ' paHH through, while the globules 

remain on llie gauze. The inaRS Hhould he ti-ealed 

1 in u iilatinum or silver vesnel, a porcelain vessel 

I would be jKiwerfiiUy acted on hy the NaF. The 

Bolntlon, after stemling till clear, may bo ova\>0' 

rated to drynetw in a platinnm cnpaule, in order to 

I obtain the NuF, mixed, liowever, with miieli KCl- 

The Hiiiall globules may ho united by fusion in » 

small, M'eII-covere<J, porcelain crueiblo, under * 

layer of KOI. They cannot be united without i* 

flux. They oonnot be united by mere tYision, Ul 

globules of filver, for instance, for, ttiough they 

not appear to oxidize on ignition in tho nir, 

they become coated with a scarcely {tereeptible 

of oxitle, which prevents their running 

into a miias. This fusion with KCl m alwaye 

tended wilh loan of aluminium. Duttone weighing 

6,gfi grm. lost, when bo treated, O.ori grm. The 

KOI when dissolved in water left a small (Quantity. 

of AR)" uridJBrtolved, but tlio solution containi 
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none. Another portion of the metal had un- 
doubtedly decomposed the KCl ; and a portion of 
the Al'Cl* and KCl must have been volatilized 
during fusion (other metals, as copper and silver, 
behave in a similar manner — Pogg. Ixviii. 287). 
I therefore followed the instructions of Deville, 
and melted the globules under a stratum of 
ArcP.2NaCl in a covered porcelain crucible. The 
salt was melted first, and then the globules of 
metal added to the melted mass. There is no loss, 
or a very trifling one of a few milligrammes of 
metal, by this proceeding. When the aluminium 
is fused under KCl its surface is not perfectly 
smooth, but exhibits minute concavities ; with 
Al*CP.2NaCl this is not the case. The readiest 
method of preparing the APCl^2NaCl for this pur- 
pose is by placing a mixture of alumina and carbon 
in a glass tube, as w\de as possible, and inside this a 
tube of less diameter, open at both ends, and contain- 
ing NaCl. If the spot where the mixture is placed 
be very strongly heated, and that where the K"aCl 
is situated, more moderately, while a current of 
chlorine is passed through the tube, the vapor of 
APCl* is so eagerly absorbed by the KaCl that no 
A1*C1*, or, at most, a trace, is deposited in any other 
part of the tube. If the smaller tube be weighed 
before the operation, the amount absorbed is readily 
determined. It is not uniformly combined with 
the NaCl, for that part which is nearest to the 
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mixture 111' uhaivoal and atiiminu will bti tiiuinl to 
liave abitorbcd tlie moat. 

" I have varied in many waytt tlio proceM ftir tba 
prepamtion of aluiniiiiuin, but in tlio end have 
rtitunieil to tlio one jiixt liencribud. 1 often [iliicvd 
the mKliuni in the bottom of the cnn^iblo, tlio p"*- 
dei-cd cryolite about it, and tlioKCI above all. On 
prooeeilin)^ in thirt manner, it watt obMcrvod tlmt 
innrbMiiliuni wuh vdlutilized.bni'niiii^ withiiHtroD);, 
yellow flame, which never occurred wlieu it was cut 
into thin BlteoH and placed in alternate layeiii wltli 
the cryolite, in whi(dicaMo the prooeHHgoex on qii ietlf- 
When the crucible Ix^gins to get rod hot, thetoraiioni* 1 
turo suddenly rises, owing to tlio coninionceraeittflfl 
the decomposition of the compound ; no lowering, 
of the teiiiperuturo Hhonld bo tdluwod, but tli^ 
heat should be Bt«udily malutainod, not longci"' 
however, thiiii half an hour. Uy prolonging tli* 
proccps a losB would l>e Hustained, owing 
action of the KC\ on the aluniiniuni. Nor d( 
the Hize of the globules inci-eawe on extending ' 
time even to two lioui-s; thin eU'ect can only 
produced by obtaining the highent poMHible tempei 
turc. If the proccBB bo stopped, however, after ' 
T ten minutes of very strong heat, the prodacti 

very ainall, as the metal ban not had nufficiei 

'time to conglomerate into glolnilcH, hut is in n'pt 

verulont form and burns to A1'0» during tliecouli 

of the crucible. No advantage is gained by mixli 

■■the cryolite with u portion of chloride before plw 
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iiig it between the layers of sodium, neither did I 
increase the production by using Al*Cl*.2NaCl to 
cover the mixture instead of KCl. I repeatedly 
employed NaCl, decrepitated, as a flux in the 
absence of KCl, without remarking any important 
diflferenee in the amount of metal produced, although 
a higher temperature is in this case required. The 
operations may also be conducted in refractory 
un glazed crucibles made of stoneware, and of the 
same dimensions, although they do not resist so 
well the action of the sodium fluoride at any high 
heats, but fuse in one or more places. The iron 
crucibles fuse, however, when exposed to a very 
high temperature in a charcoal fire. The product 
of metal was found to vary very much, even when 
operating exactly in the manner recommended and 
with the same quantities of materials. I never 
succeeded in reducing the whole amount of nictal 
contained in the cryolite (which contains only 13 
per cent. Al). By operating on 10 grammes of 
cryolite, the quantity I always employed in the 
Bmall Fe crucible, the most successful result was 
0.8 grm. But 0.6 or even 0.4 grm. may be con- 
sidered favorable; many times I obtained only 0.3 
grm., or even less. These very different results 
depend on various causes, more particularly, how- 
ever, on the degree of heat obtained. The greater 
the heat the greater the amount of large globules, 
and the less amount of minutely divided metal to 
oxidize during the cooling of the crucible. I sue- 




ceeded once or twiny in iiidiiciiig iicurly tliowhok 
of tlie metal to one single button, weighing 0,6 
grm., at h very high heiit in n etoiiewai-c crucible. 
I could not n1way:« ohtuin tlie eaiiio hunt with tlA 
blowpipe, a» it de{>eiided in Hotne degreo on thB 
pressure in the gaHometer in the gasworks, whiuh 
varies at diflercut honrs uf the day. The follow: 
ing experiment will show liow great the loss 
metal may be owing to oxidation during tbi 
slow cooling of the crucible and its coiitentit: In! 
large iron crucible were idaced 85 grms. of cryolib 
in uitern&tc layers with 14 grnis. of sodium aaj 
the whole covered with a thick sti-utum of KC8 
The crucible, covered by a iioreelain cover, via 
placed in n liirger earthen one, also coverwl, ; 
the whole exposed to a good hoat in a dmft furnai! 
for one hour and ecioled as slowly as poHsible. Th 
product in this case was remarkably small, I 
0.18& grm. of aluminium was all that could 
obtained in globules. Theditterences in tbeamouitt 
reduced depend also in some degree on the moreo 
loss suocessful atratifiealion of the sodium with th 
powered cryolite, as inueb "f the latter Hometinu 
escapes dcconipoflition. The greater the eniouut < 
sodium employed, the less likely is tliis to bo t 
case; however,owiiig to the great ilifierenoe in thai 
prices, I never employed more than 4 grins, j 
sodium to 10 grms. of cryolite. In order to avcA 
this loss by oxidation I tried another method ( 
prepunition: Twenty grms. of eryolit^ were boatfll 
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intensely in a gun-barrel in a enrrent of hydrogen, 
and then the vapor of 8 grms. of sodium passed 
over it. This was effected simply by placing the 
sodium in a little iron tray in a part of the gun- 
barrel without the fire, and pushing it forward 
when the cryolite had attained a maximum tempe- 
rature. The operation went on very well, the 
whole being allowed to cool in a current of hydn)- 
gen. After the ti'eatment with water, in which 
the sodium fluoride dissolved very slowly, I ob- 
tained a black powder, consisting for the most part 
of iron. Its solution in IICl gave small evidence 
of Al. The small amounts I obtained, however, 
should not deter others from making these experi- 
raents. These are the results of first exiKM'iments 
on which I have not been able to expend much 
time. Now that cryolite can be procured at so 
moderate a price, and sodium, by Deville's improve- 
ments, will in future become so much cheaper, it is 
in the power of every chemist to engage in the 
preparation of aluminium, and I have no doubt 
that in a short time methods will be found afford- 
ing a much more profitable result. 

"For the rest, I am of opinion that cryolite is the 
best adapted of all the compounds of aluminium 
for the preparation of this metal. It deserves the 
preference over Al«Cl«.2NaCl or ATCIS and it might 
still be employed with great advantage even if its 
■ price were to rise considerably. The attempts at 
preparing aluminium direct from Al'O^ have as 

10* 
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jet been luuitlifriileil with sui^uess. Potaasium aud 
sodium appear ordy to reduce metallit- oxides when 
tVie jiotash and sodu produced are capaiile of forraiug 
coni]X)nndB with a portion of the oxide remaining 
as BUcli. Pure potash and aoda, with whose pro- 
pertieR we are very slightly acquainted, do not 
appear to be formed in this case. Since, however, 
alumina combines so readily with the alkalies to 
form aluminates, one would be inclined to believe 
that the reduction of Al'C by the alkali metals 
should succeed. But even were it possible to ob- 
tain the metal directly from At'O", it is very prob- 
able that cryolite would long be preterred should 
it remain at a moderate price, for it is furnished 
by nature in a rare state of purity, and the alumi- 
nium is combined in it with sodium and fluorine 
only, which exercise no prejudicial influence on the 
properties of the metal, whereas Al'O* is rarely 
found in nature in a pure state and in a dense, 
compact condition, and to prepare Al'O" on a large 
scale, freeing it from those substiincos which would 
act injunously on the properties of the metal, 
would be attended with great difficulty. 

"The buttons of aluminium which I have pre- 
pared are so malleable that they may be beaten 
and rolled out into the iinest foil without cracking 
on the etiges. They have a strong metallic lusti-e. 
Some small [lieces, not globular, however, were 
found in the bottom of the crucible, and occasion- 
ally adhering to it, which cracked on being ha m- 
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mered, and were different in color and lustre from 
the others. They were evidently not so pure as 
the greater number of the globules, and contained 
iron. On sawing through a large button weighing 
S.8 grms., it could readily be observed that the 
metal for about half a line from the exterior was 
brittle, while in the interior it was soft and malle- 
able. Sometimes the interior of a globule contained 
cavities. With Deville, I have occasionally observed 
aluminium crystallized. A large button became 
striated and crystalline on cooling. Deville believes 
he has observed regular octahedra, but does not 
state this positively. According to my brother's 
examination, the crystals do not belong to any of 
the regular forms. As I chanced on one occasion 
to attempt the fusion of a large, flattened-out but- 
ton of rather impure aluminium, without a flux, I 
observed, before the heat was suflUcient to fuse the 
mass, small globules sweating out from the surface. 
The impure metal being less fusible than pure 
metal, the latter expands in fusing and comes to 
the surface." 

Such were the results given to the world by H. 
Rose. After their publication, many minds were 
turned towards this field, and it was discovered 
that some six months previously Dr. Percy had 
accomplished the same results, and had even shown 
them to the Royal Institution, but with the singu- 
lar fact of exciting very little attention. These 
facts are stated at length in the following paper, 
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' writton hy Allan Dick, Est]., wliicli appoarod in 
November, ISafj, two months after tlio publicatioB 
of U, Itodo'M paper: — * 

"In tlie lant number of tliU magazine woh tlie 
traii«latiou of n pa|)cr by II. IIohc, of Ikirlin, lift- 
Hcriblng a motlioil of propiiring aluminium from 
cpyolito. I'roviou«ly, at tlio Buggi-Htion of Dr. 
Percy, I liarl mado some experimontH on tlio miat 
Hiil)i«it ill tlie motal I urgicnl lationvtory of the 
Kclioiil of MiiieM, and an the roHultfl obtaiiioil agretR 
vi-vy i^loHtily witli tlioHo of Mr. Uoho, it may b 
iiitcri'Mtiiig to givo a nhort account of tliom nnvrf 
though no (lotailed deMcription viae pnblixhofl f 
ttio tlnio, a nmall pitioo of metal prepared frosi' 
cryolite having simply been shown at tho weekly 
meeting of the Koyal Iiiatitiition, March 80, 18S6( 
at:<«)miittiiied by a few words of explanation by 
Faraday. 

"Shortly after the publication of Mr. Doville'l 
prouenifl for prt-paring aluminium from APCI*, T 
tried, along with Mr. Hmith, to make a xpocimM 
of the metal, but wo found it much more diffiutjM 
to do tlmn Devitle*H paper hiid led uh to aiitld 
piitc, and had to remniii contented with a, mud 
hnial li'r ]iiece of metal than we had liojied to obtain; 
It in, however, niidouhtedly only a matter of tim 
Rkill, and expc^ii^e to join HUcceHufiil practice wilj 
tho dctaili* given hy Devillo. Wliilut makitij 
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these experiment Dr. Percy had often requested 

us to try whether cryolite could be used instead of 

the chlorides, but some time elapsed before we 

could obtain a specimen of the mineral. The first 

experiments were made in glass tubes sealed at one 

end, into which alternate layers of finely powdered 

cryolite and sodium cut into small pieces were 

introduced, and covered in some instances with a 

layer of cryolite, in others by NaCl. The tube 

was then heated over a gas blowpipe for a few 

minutes till decomposition had taken place and 

the product was melted. When cold, on breaking 

the tube, it was found that the mass was full of 

Buall globules of aluminium, but owing to the 

specific gmvity of tlie metal and flux«being nearly 

alike, the globules had not collected into a button 

at the bottom. To eflfect this, long continued 

heat would be required, which cannot be given in 

glass tubes owing to the powerful action of the 

melted fluoride on them. To obviate this difliculty 

a platinum crucible was lined with magnesia by 

raraming it in hard, and subsequently cutting out 

all but a lining. In this, alternate layers of cryolite 

and sodium were placed, with a thickish layer of 

cryolite on top. The crucible was covered with a 

tight-fitting lid, and heated to redness for about 

half an hour over a gas blowpipe. When cold it 

was placed in water, and after soaking for some 

time the contents were dug out, gently crushed in 

a mortar, and washed by decantation. Two or 
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Uiro(> globulcB (jf aluniitniim, tolerably largo coti- 
Hidering the aha of the exporimciit, were obtained, 
along with a large number of very small onea. 
The larger ones wore melted together under KCl. 
Home oxiierinieiits made in iron cruuiblcs ware not 
attendeil with tlio aame i*ilcceaB as those of Rose, 
no globiilcH of any cnaHiderable size remainud in 
the methHl fluorides; the metal socmod to alloy on 
the sides of the urueiblu, wbicli iict^uired a color 
like y.irK!. It is [Kiflsiltlo that this dilferenee ni«J 
have arisen from using a liiglior temperature lliun 
Rose, as we made these ex[>eriments in a fnrnauCi 
not over tlie blowpijK.'. Torwlairi niid ('lay cruci- 
bles were also tried, but laid aside after a few ex- 
periments, owing to the action nf the fluoride* 
upon tbem, which in most cases was suffiuiont to 
perforate tliem completely." 

The above papers, Hose's and Pick's, contain »H 
the published researebes with eryol ito until TfevilV' 
ntt«nli<in was turned towards it. lie then took 
nji the snbject with liis accusturnod tborouglin**"- 
Tlio followiug pages are taken from his • l)e TAlii- 
minium,' the subject not being given in lU eiitiretji 
but oidy the most imjmrtant iwiiits. lie publinheu 
the first account of these reseai-cbcs in 'Ami. d* 
Chem. et de Vhys." [8J, xlvi. 451 : — 

"1 have repeated and confirmed all the exper'" 
tnrnts of Dr. IVrtiy and 11. Rose, using the specimen* 
of cryolite which 1 obtained from London through 
the kindness of MM. l{osc nrid llorniaini. I liavi^i 
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furtliermore, reduced crj'olite mixed with NaCl by 
the battery, and I believe that this will be lui ex- 
cellent iDethod of covering with aluminiuin all the 
other metals, copper in particular. Anyhow, its 
fueibility is couBiderably increiise<l by mixing it 
with AI'CI».2KC1. Cryolite is a doubb flnoride of 
aluminium and sodium, containing 13 jter cent, 
Al, 82.5 per cent. Na, and 54.5 per cent. F. Its 
formnla is Al'F'.tiNaF. I have verified these facts 
myself by many analyses." 

Deville then gives a description of methtxls of 
making eryolite nrti6ciully, which is innieeessary 
to repent here, for nnturul cryolite is so cheiip that 
these methods arc of no praetical importance, lie 
continues: — 

"In reducing the cryolite I placed the iinoly-pnl- 
Terized mixture of cryolite and NaCl in iiltcniatii 
layers with sodium in a porcelain crucible. The 
njipermost layer is of pure cryolite, covered with 
NaCi. The mixture is heated just to complete fu- 
Biun,and, after stirring with a pipe-stem, is let cool. 
On breaking the, crucible, the aluminium is often 
fbond united in largo globules easy to separate from 
Hie mass. The metal always contains silicon, which 
increases the depth of its natui-al blue tint and 
hinders the whitening of the metal by nitric acid, 
becanee of the insolubility of the silicon in that 
loid, id. Rose's metal is very ferruginous. I have 
verified all M. Rose's observ'ations, and I agree 
with him concerning the return of metal, which I 
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uavu ahva^tt tbiiiid wry ttiiiiill. Thoru arc ulwuyiJ 
[prodiicod ill thuuo oi>cmtioiis brilliant HnmoN, wliioll 
Sro obHOi'vod in tlio Rcuriii flouting on tho alunilu 
iuni, and wliiuh ar<^^ duo to gas burning auq 
exlmliiig H vt>ry marked odor of j>lios]ili()ru«. 
fact, P'O* exiHtM in cryolite, iia ouu may find I 
treating a Milution of tlio minflral in Huljihuric a 
witli molybdato of aiimionia, according to ! 
Koto's ruaction. 

"Tho facility with wliit'h aluminium unitea in 
fluoridcri iH duo wiiliout doubt to Iho projairty whicii 
theiw pnascBaof (lisHolviiig the alumina on tlie nurfm.'e 
of tlie globules at tliu moment of tbeir formation, 
and which tho Rodiimi is unable to reduce. I liml 
experienced groat diffitmlty by obtaining flninll 
quantities of niotal pimriy united, when I roducM 
Iho A]'0l'.2NaCt by tiodinm; M. Uamniol«berg, wh( 
often mado the Hamc attempts, tolls me he baa hod J 
liko experience. I^ut, I am assured by a nerupuloi 
annlysiH that the quantity of metal rednce<l by tlii 
eodiutu is exactly that which theory indicAtti 
altliough after many operations there ie found onlj 
a gray powder, rosolving ilself under the miora 
Hoopo into a multitude of small globules. The faet 
ifi ttimply that Al'Cl*,2NaC!l is a very poor Hux 
for aluminium. MM. Morin, Dcbray, and mymtir 
have undertaken to correct this Imd effoet by the 
introduction of a solvent for tlie AI'O* into the 
saline slag wbicli accompanies the aluminium at 
moment (jf lis formation, At Hrst, we 
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it an improvement to condense the vapors of Al'Cl*, 
previously purified by iron, directly in NaCl, placed 
for this purpose in a crucible and kept at a re<l 
beat. We produced in this way , from highly colored 
material, a double chloride very white and free from 
moisture, and furnishing on reduction a metal of 
fine appearance. We then intixxluced fluorspar 
(CaF*) into the composition of the mixture t<) l>o 
reduced, and we obtained good results with the 
following proportions : — 

Al«Cl«.2NaCl .... 400 grammes. 

NaCl 200 ** 

CaF» 200 " 

Na 75 lo 80 *' 

The double chloride ought to be melted and hwited 
almost to low red heat at the moment it is cm- 
ployed, the NaCl calcined and at a red heat or 
melted, and the CaF* pulverized and well dried. 
The double chloride, NaCl and CaF* are mixed and 
alternated in layers in the crucible with sodium. 
The top layer is of the mixture, and the cover is 
NaCl. Heat gently, at first, until the reaction ends, 
and then to a heat about sufficient to melt silver. 
The crucible, or at least that part of it which con- 
tains the mixture, ought to be of a uniform red tint, 
and the material perfectly liquid. It is stirred a 
long time and cast on a well-dried, chalked plate. 
There flows out first a very limpid liquid, colorless 
and very fluid, then a gray material, a little more 

pasty, which contains aluminium in little gmins, 
11 
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and is Bet aside, and finally a button with small, 
metallii: inaHscH wliicli of themselves onght to wfcigll 
20 grma. if the oyenition has sueceeded well. Oa 
pulverizing and sieving the gray sing, 6 or 6 grmg.of 
sniull globules me obtained, which may be preswd 
together by an earthen rod in an oi-diimry crucible 
heated to redness. Tlie globules are thus reunited, 
and wlieii a snfHcicnt rjnantity is collected the metal 
is cast into ingotw. In a well-conducted operation, 
75 grms. of Na onglit to give a button of 20 grmaj 
atid fi gi'nm. in grains, uiuking a return of one At 
from three of Na. Theory indiaites one to tWO 
and a half, or 30 grms. of Al from 7.^ of Na. 
all tlie eflbrts wbieh have been made to rceovcr froB 
the insoluble slug the 4 or 5 grms. of metal tio 
united but easily visible with a giaas, have been a 
far unsuccessfuh There in, without doubt, a knacl 
a particular manipulation on which depends til 
Buucess of an operation which would render 1 
theoretical amount of metal, but we lack it y« 
These operations take ]>]uce, in general, with moi 
facility on a large scale, &o that wo may consid' 
fluorspar as being suitable for serving in tlie manl 
faetui-e of aluminium in crucibles. Wo employ! 
very pure fluoi-spar, and our metal was quite exeic 
from Biticon. It is true that we took a prccauti 
which ia necesfiary to adopt in operationa of tU 
kind; we plastered ourcrnfiblcM inMide with a Uy< 
of aluminous pawto, the cnnijiiifjitiuTi of which hi 
been given in ' Ann. de Chcni. v.t do Phys.,' xl» 
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195. This paste is made of calcined alumina and 

an aluminate of lime, the latter obtained by heating 

together equal parts of chalk and alumina to a high 

heat By taking about four parts calcine<l alumina 

and one of aluminate of lime well pulverized and 

sieved, moistening with a little water, there is 

obtained a paste with which the inside of an 

earthen crucible is quickly and easily coated. The 

paste is spread evenly with a porcelain spatula, and 

compressed strongly until its surface has become 

well polished. It is allowed to dry, and then hcaited 

to bright redness to season the coating, which does 

Dot melt, and protects the crucible completely 

against the action of the aluniinium and fluorspar. 

A crucible will serve several tiniCvS in succesHion 

provided that the hew material is put in as soon as 

the previous charge is cast. The advantages of 

doing this are that the mixture and the sodium are 

put into a crucible already heated up, and so lose 

less by volatilization because the heating is done 

more quickly, and the crucible is drier than if a new 

one had been used or than if it had been let cool. 

A new crucible should be heated to at least 300° 

or 400° before being used. The saline slag contains 

a large quantity of calcium chloride, which can be 

washed away by water, and an insoluble material 

from which aluminium fluoride can be volatilized. 

"Yet the operation just described, which was a 

great improvement on previous 0!ies, requires many 

precautions and a certain skill of manipulation to 



IfUCfeed ovory time, lint, imtliing u more easj or 

Immiile tlmti to silbatitlite oryolito for tlio flunrcpnr, 

pThpn tlioojioratioii is niiu-Ii easier. Thf nniount of 

metal ]|]'(mUico(] ih not niiicli larger, although the 

button often wt>igIiB 22 gpammes, yet i f cryolite can 

only bo ol)tnine<l in abundance inacontiniioiiHsui^ 

ply, the pmcoBR which I will describe will becoiM 

moHt econoniieal. The charge is made up hb before, 

except introducing cryolite for OaF*. In one <rf 

[ ©ur opomtions we obtained, with 76 grma. ol'sodl- 

LUtD, a button weighing 22 gnnu. and 4 gnn^. in 

I globules, giving a yield of one Al to two and oipbt- 

I tenths parta sodium, which is very uenr to thrt 

[indicated by theory. The motal obtained was of 

rexcellcnt <iimlity. However, it containetl a littlC 

[iron coming from the Al*C;i', whii:b had not 1) 

r purified perfectly. Itutimtidoen not injure the pWp 

[■ erties of the metal as cojtper does ; and, aave a lit*' 

> bluish coloration, it does not alter its appearance 

,' its resistance to phyHical and chemicral ngeiK:ieB. 

" Process witb cryolite alone: The pi-oceea adopt 

in the works at Amt'reviile, near Rouen, direcl 

I by TiBsicr Bi-oh., is the same bb that described 1) 

I Percy and liose. Tbo details which I give i 

f, taken fi-oni MM. Tissier's own account of their p 

(I)evillc then gives the detaiti* of the proc 

toutlinoil by Rose {see p. 10!)), of reducing in ii 

I crucibles; which it is not necessary to i-epeat.) 

*' I obtained a good specimen of commercial all 
tmininnithnsevtriK'toilI'mnicryolilc; and M. I>emoi 
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d^ur has been so kind as to make an analysis of it, 
with the following results: Si 4.4; FeO.8; A194.8. 
" M. Rose has recommended iron vessels for this 
operation, because of the rapidity with which alka- 
line fluorides attack earthen crucibles and so intro- 
duce considerable silicon into the metal. Unfortu- 
nately, these iron crucibles introduce in)n into the 
metal. This is an evil inherent to this method, at 
least in the present state of the industry. The 
inconveniences of this methoil result in part fi'oni 
the high temperature required to complete the ope- 
ration, and from the crucible being in dii'ect contact 
with the fire, by which its sides are heated hotter 
than the metal in the crucible. The metal itj^elf, 
placed in the lower jmrt of the fire, is hotter than 
the slag. This, according to my observations, is an 
essentially injurious condition. The slag ought to 
be cool, the metal still less heated, and the sides of 
the vessel where the fusion occurs ought to bo as 
cold as possible. The yield from cryolite, accord- 
ing to Rose's and my own observations, is also very 
small. M. Rose obtained from 10 of cryolite and 
4 of Na about 0.5 of Al. This is due to the 
affinity of aluminium for fluorine, which must be 
very strong not only with relation to its aflinity 
for sodium but even for calcium, and this aflinity 
appears to increase with the temperature, as was 
found in my laboratory. Cryolite is convenient to 
employ as a flux to add to the mixture which is 

fused, especially when operating on a small scale ; 

n* 



but it iw iiirlunalt; lliut. it. is not iiiilinptHnHable, i 
one would wish to c«tAbli»h an iiitluBtry c 
[ «tii|>loyinciit of a material which in of unocrtn 
[v\n>i>\y." 

Wo hero cIobo what Beville bus written on tlie 

I ubo of cryolite. TIjc process wns that used by 

[ Tissier Ui-ob. at Roiieu, but was tirinlly ubaiiiioneil 

I there and the worlis closed. We find u little 

I iniproveniont on Deville's process BuggcMtcd by 

[ WiJhlor,* in which he ahows liow to |ifrforrn the 

[ reduction in an earthen crucible. The finely piil- 

' Vcrized cryolite is mixed with an eipial weight of 

a flux containing 7 NaCl to 9 KCl. This mixtui-e 

ia then placed in alternate liiyerB with sodium in 

the crucible, 50 parts of the mixture to 10 of 

• ■odium, and heated gradually just to its fusing 
point. The metal thus obtained is free from 
silicon, hut only one-third of the alnminiuui in tho 
cryolite is obtained. In 8])ito of the small yiij 
this meth<Kl was used for aoino time by Tissi^ 
Bros. Cryolite has also been treated at Nantcn 
by a ditVerent ]>rocess, but the aluminium prodaoi 
contained phosphonis. So, while tho cxcIumh 

I use of cryolite in the preparation of abnuiiiiumi| 
now renounced, it has retained tho ofHce of a &m 
Watts gives the following paragraph in conii«| 
tion with the reduction of eryolit^e: " A pecnlii 
apliaratUH for cfleeting the reduction of ahmiii 
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either from AlK]Jl*.2NaCl or from cryolite, the 
object of which is to prevent loss of sodium by 
ignition, has been invent^ and |>atented by W. F. 
Gerhard.* It consists of a revorberatory furnace 
having two hearths, or of two crucibles, or of two 
reverberatory furnaces, placed one above the other 
and communicating by an iron pipe. In the lower 
is placed a mixture of sodium with the aluminium 
compound, and in the upper a stratum of NaCl, or 
of a mixture of NaCl and cryolite, or of the slag 
obtained in a previous operation. This charge, 
when melted, is made to run into the lower furnace 
in quantity sufficient to completely cover tlie mix- 
ture contained therein, and so to protect it fn)m 
the air. The mixture thus covered is reduced as 
by the usual operation." 

Watts thus summarizes the use of cryolite: 
" The chief inducement for using it as a source of 
aluminium is that it is a natural product obtained 
with tolerable facility, and enables the manufact- 
urer to dispense with the troublesome and costly 
preparation of Al*Cl*.2NaCl. But the metal thus 
obtained is less pure than that obtained by other 
processes. If earthenware crucibles are used, the 
metal is contaminated with silicon, because the 
sodium fluoride produced acts strongly on the 
siliceous matter of the crucible, while if an iron 
crucible be used, the metal takes up some iron. 

* Eng. Pat. 1858, No. 2247. 
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The boHt UBO of (iryolitt? ix an a flux in tlm iiro)tun> 

lion of aliiminiuin from AI'(!l'.^NaCl, in which 

tho nlag is not Hoiliutn fluoride bub uliiininium 

AuoHdc, which nets but slightly on tho contninitig 
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I have now givon tho nuiliilliirgy of aluminium^ 
through wliut may bo uUlcd iUuxiionni<>iital Hluge 
up to itH practical indiiHtrial inunufaL-ture. Up to 
thin fwriod, whic-h I will place at about 1869, the 
obji'ct lias boon to produce the nietat ut any coBt, 
only prodiKo it. "To learn how" cngroHsed tho 
attention of tho invt'stigatont, who troubled th«m* 
Bolves very Uttle about tho ultimate oost. Thoy 
niUHt learn tirst liow to do tlie thing and aft^rwunls 
devote their enorgiew tn dieapening the process 
discoverod. But. in 1869, the worknat Amfreville, 
near Rouun, un<ler the direction of the TisHicitt, is 
producing ahnninluin from cryolite; Morin & Co.,^ 
at Nantorre, are iniiking it, though not ii 
large quantities as TiHsier, hut they soon afto 
move to HalindroB, and Met up so large a plant t 
a year or so afterwunls tho TiHHieni were dri 
from the biiHimiHs. Such is then tho atato of t 
industry. We find that in tho next flftoon 
twenty years very little advance is chronicled. 
BaliiidroH, tho procoitMOA given by Duvillu were ur« 
Boriicwhut inijirovwl and perfected, hut yet 
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same processes. It is only within the last ten 
years that any improvements of a radical nature, 
such as Webster's, Frishmuth's, and Cowles, liavo 
been brought into the industry. 

So, from now on we will treat the subject in the 
order usually adopted in presenting it; i. f., first 
give a short sketch of the metallurgy of sodium 
up to the present time, then a review of the manu- 
facture of alumina and its conversion into 
Al*Cl*.2NaCl, ending with a full description of the 
process as now carried on at Salindres, and a few 
attempts which have been made to improve it. 
Afterwards, leaving the old Deville process and its 
improvements, I will give as full an account as I 
have been able to gather of the various methods 
proposed to produce aluminium without the use of 
srxlium. 



PART VI. 

THE MANUFACTURE OF SODIUM. 

As already observed, wo will not go extensively 
into the metallurgy of this metal. Some years 
ago, in order to treat full}' of the metallurgy of 
aluminium, it would have been as necessary to ac- 
company it with all the details of the manufacture of 
sodium as to give the details of the reduction of the 
aluminium, because the manufacture of the fo.rmer 
was carried on solely in connection with that of the 
latter. Hut now sodium has come out of the list of 
chemical curiowitios and has become an article of 
commerce, used for many other purposes than the 
reduction of aluminium, though that is still its 
chi.cf use. So we regard the manufacture of sodium 
an a weparate metallurgical subject, still intimately 
(lonnected with that of aluminium, but yet so far 
distinct from it as to deserve a metallurgical trea- 
tises of its own. Moreover, the metallurgy of sodium 
is very much as ])eville left it, it lias been very 
little improved since then, and so almost all the 
details of its manufa(;ture are to be found in Eng- 
lish in any good book on chemistry. To such 
works 1 rcl'cr tlie reader for fuller accounts than are 
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given here. The following summary is taken prin- 
cipally from Mierzinski. 

Sodium was first isolated by Davy by the use of 
electricity in the year 1808.* I^ter, Gay Lussac 
and Thenard made it by decomposing at a very 
high temperature a mixture of Na*CO* an<l iron 
filings.f On April 80, 1808, Curaudan announce<l 
that he had succeeded in producing i)otassium or 
sodium without using iron, simply by decon)i)08ing 
K*CO* or Na'CO* by means of animal charcoal. 
Brlinner continuing this investigation UHe<l instead 
of animal charcoal the so-called black flux, the pro- 
duct obtained by calcining crude tartar from wine 
barrels. He was the first to use the wrought-iron 
mercury bottles. The mixture was heateil white 
hot in a furnace, the sodium volatilized and was 
condensed in an iron tube screwed into the top of 
the flask, which projected from the furnace and 
was cooled with water. In Briinner's experiments 
he only obtained three per cent, of the weight of 
the mixture as metallic sodium, the rest of the 
metal being lost as vapor. 

Donny and Mareskagave the condenser the form 
which with a few modifications it retains to-day. 
It was of iron, 4 millimetres thick, and was made 
in the shape of a book, having a length of about 
100 centimetres, breadth 50, and depth 6 (see Fig. 
2). This form is now so well known that a further 

* Phil. Trans., 1808. 

t Recherches Pbysico-cbemiques, 1810. 
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description is unnecessary. With this condenser 
the greatest difficulty of the process was removed, 
and the operation could be carried on in safety. 

Fig. a. 



1 

Tbie apparatus was devised and used by Donny an^ ' " 
Mareaka in 1854, with the supervision of Deville, 
and the whole process as used by them is the same 
that the Tissier Bros, took with them and operated 
at their works at Rouen, and their description ac- 
cords with that given by Deville, which is as fol- 
lows: — 

The NaKIO* is first well dried at a high tempera- 
ture, then mixed with well dried jiulverized char- 
coal and chalk, ground to the finest powder, the 
success of the operation depending (tn the fineness of 

this mixture. The proportions of these to use is 

various. One simple mixture is of 

Na"CO» 80 

Ooal 13 

CliBllc . 5 

Coke S 
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DeviHe recoDiniends hiking — 

Na'CO" 1000 

Goal AM) 

Clialk 175 

The afldition of chalk has theobject of making the 
mixtare less fusible aiid more porous, but has the 
disadvantage that the residue remaining in the re- 
tort after tiie operation ia very impure, and it ia 
impossible to add any of it to the succeeding charge; 
and also, some of it being reduced to caustic Hme 
forms caustic alkali with some Na*CO*, which ia 
then lost. When the mixture is well made it is 
subjected to a preliminary calcination. This is 
done in cast-iron cylinders, two of which are placed 
eide by side in a furnace and heated to redness (see 
Fig. 3). This is continued till all the moisture, 




carhonic acid, and any carhuretted hydrogen irom 
the coal cease coming off. The mass contracts, be- 
comeH white aud somewhat dense, so that a larger 
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^ omouiit of the nilxtuie can now be treated lu the 
retorts where the sodium is evolved. As soon as 
the outcoiiiiiig gases bum with a yellow flamO| 
showing sodium ooming off, the calcination is 
stopped. The mixture ia then immediately drawn, 
out on to the stone floor of tiie shop, whore it cools 
quickly and is then reaJy for the next operation. 
This calcination yields a mixture which without 
any previous reactions is just ready to evolve sodiunt, 
wlieii brought to the necessary temperature, 
nmterial is made into a sort of cylinder or cartridj 
anil put into thedccoinpo&itioii retort* (see Fig. 
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tres diameter, with walls 10 to 30 miHiint^tivs thick. 
These are of wn)iight iron, siiu'e cast inm wotiM 
not stand the heat. At each en<l this retort is 
closed with wrought-in>ii stoppers and made ti^ht 
with fire-clay. Tlirougli one stopjK^r leads the pipe 
to the condenser, the other stoppt»r is the on(» re- 
moved when the retort is to he re<'har«^i'd. Tliesc 
retorts are placed horizontalh' in rows in a furnace. 
Usually four are placed in a furnace, prcfcnil»ly 
heated by gas, such as the Siemens rcir<'iHM*ative 
furnace or Bicheroux's, these being niuch njore eco- 
nomical. In spite of all these pri'caut ions the re- 
torts will besti*ongly attacked, and in order to pro- 
tect them fnmi the destructive acti(»n of a white 
heat for seven or eijjht houi*s tlu'V ari' c(>ate<l with 
some kind of fire-proof material. The best for 
this purpose is graphite, which is nnule into cylin- 
ders inclosing the retorts, and whi<*h can remain in 
place till the furnace is worn out. These graphite 
cylinders not only protect the iron retorts, hut pre- 
vent the diftusion of the gaseous pnxhicts of the 
reaction into the hearth, and so supp«u't tlie retorts 
that their removal from the furnace is easily ac- 
complished. Instead of these grai)hite cylindei's 
the retorts may be painted with a mixture that 
melts at white heat and so enamels the otitside. A 
mixture of alumina, sand, yellow earth, borax, and 
^ater-glass will serve very well in many cases. We 
would remark that the waste <i:asi's from this fur- 
Dwe can be used for the calcining of the mixture, or 
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even for tlie reJuctionof the almiiinimn by Bodiol 
where the inamifuctiire of tlio former w connected 
with the making of the HO<^liiim. Donny awl 
Maroska's condenBer is the best to use. 

As for the reduction of the aodium, the retort is 
first heated to redness, during whieh the stopjior 
at the condenser end of the retort is left oft'. Tlio 
charge is then rapidly put in, and the fltoijper at 
once put in place. Tlie reaction begins almost at 
once and the operation \e soon under full headway, 
the gases evolved linrning fi-om the upper slit of 
the condenser tnbe with a flame a foot long. The 
gases increase in volume us the ojicration continues, 
the flame becoming yellower from Bodiiim and so 
intensely bright as to be insupportable to look at. 
Now has come the moment when the workman 
must quickly adapt the condenser to the condenser 
tnbe projecting from tlie retort, the joint being 
greased with tallow or parai&ne. The sodium 
collects in this in a melted state and trickles out. 
The length of the operation varies, depending on 
the intensity of the heat and the quantity of the 
mixture; a charge may sometimes be driven over 
ill two hours, and sometimes it takes eight. We 
can say, in general, that if the reaction goes un 
quickly a somewhat larger amount of sodium i» 
obtained. The higher the heat used, however, the 
quicker the retorts arc destroyed. The operation 
requires continual attention. From time to time* 
a workman with a prod opens up the neck of ^^| 
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condenser. But, if care is not taken the metal 
overflows : if this hapi>ens, the metal overflowing 
is thrown into some i)etn)le»m, while another man 
replaces the condenser with an empty one. The 
operation is ended when the evolution of gas ceases 
and the flame becomes short and feeble, while the 
connecting tube between the retort and condenser 
keeps clean and does not stop up. As soon as this 
occurs, the stopper at the charging end is rem<)ve<l, 
the charge raked out into an iron car, and a new 
charge being put in, the ojieration continues. 
After several operations the i^etorts must be well 
cleaned and scraped out. The so<lium thus ob- 
tained is in melted bits or drops, mixed with ciirbon 
and Xa'CO*. It must therefore be cleaned, which 
is done by melting it in a wrought-iron kettle 
under paraffin with a gentle heat, and then casting 
it into the desired shapes. The sodium in kept 
under a layer of oil or any hydrocarbon of high 
boiling point containing no oxygen. 

Deville says that the temperature necessiiry for 
the reduction of sodium from Xa*CO* and carbon 
is not so high as is generally supposed. lie says 
that it was M. Rivot's opinion that the retorts were 
liot heated liigher than the retorts at Veille-Mon- 
*ague used for reducing zinc. Tissier gives the 
reaction as 

Na«CO» + 2C = 3C0 + 2Xa. 

The sodium is condensed, while the carbonic 

12* 
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osuie, carrying over Boine sodiuni, burns at the 
and of th(3 iippanitua. Tliia would all be vgp/ 
Bimple if the reaction of carbonic oxide on sodium 
near the condensing point did not complicate 
matters, producing a blnck, inftieiblu deposit ofi 
Na*0 and C, wlncli on being melted always gives^ 
rise to a loss of uodiuni. 

The foregoing is the process as perfected b^. 
Donny aiid Mareska, Deville, and Tissier. Only tt' 
few improvcinents have been made, the moat icM 
portant are the following: — 

R. Wagner* uses paraffin in preference to par^ 
fin oil in which to keep the sodium after mak: 
it. Only pnre paraffin which has been melted ft, 
long time on a water bath and all its water driV) 
oft' can be used. The sodium to be pnwervcd il 
dipped in the paraffin melted on it water bath aiit 
kept at no higher heat than 55°, and the metal la 
thereby covered with a thick coat of paraffin 
which protects it from oxidation, and may then I>o 
put up in wooden or jmper boxes. When the 
metal is to be used, it is easily freed from paraffii 
by simply warming it, since sodium melts at 96' 
to 90° C. and the paraffin at 50" to 60". 

The reduction of K'OU' by carbon requirca mai 
less heat than that of Na'CO', and, therefore, mi 
attempts have been made to reduce potaMiium i 
Boilium together, under circumstances where 

• Dingier, 1883, p. 2B2. 
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(lium alone would not be reduced. Dumas* added 
some K*CO* to the regular aodinm mixture; aiid 
separated the sodium and potassium from each 
other by a slow, teilious oxidation. E. Wagnerf 
made a similar attempt. He sajs that not only 
does the reduction of both metals from a mixture 
of E'CO, Na'CO*, and carbon work easier than 
3fa*C0' and carbon, hut even caustic soda (SaOH) 
may be used with K'CO" and carbon. Also, the 
melting point of potassium and sodium alloyed is 
much lower than that of either one alone, in con- 
sequence of which their boiling point and the tem- 
perature required for reduction ai-e lower. 

W. Weldon calculated the coat of eodiura as 
seven to eight marks per kilo. The greater part 
of this is for retorts in which the operation takes 
place, and which are so quickly destroyed that the 
replacing of them forms half the cost of the metal. 
Compare with p. 172. 

The latest announcement of advance in making 
sodium is from New York City, and is thus de- 
scribed in a New York paper: — :|: 

" When sodium was reduced in price to $1.50 per 
pound, it was thought to have touched a bottom 
figure,andallhopeof making it any cheaper seemed 
fruitless. This cheapening was not brought about 



* Handbacli der Angewandten Chcmie, 1830, ii. 345. 

t Dingier, 143, s.s. 

i New York World, May IB, 1886, 
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by any iraprovud or new process of reilnctiori, buil 
was owing aimply to the fact that the nluminlaiafl 
iiidiiatry required eodiiiin, and by making it idj 
large qiiautities its coet does not exceed the above*'! 
haientioned price. The retail price is now $4.00 
I'per pound. The process now used was invented 
[by Uriinner, in 1808, and up to the present tim* . 
■ nothing new or original has been patented excf 
I three or four modifieations of his process whiel 
lliave been adopted to meet the ref^niremeuta t 
I neing it on a large scale. Mr. U. Y. Castner, whoi 
I laboratory is at 218 West Twentieth Street, Na^ 
»Tork, has the first patent ever granted on this suH 

xt in the United States, and the only one taki 
ft;OUt in the world since 1808. Owing to negoti 
ftions being carried on, Mr. Castner liaving filed 
KuppHcationB for patents in various foreign countriel 
'but not having the patents granted tlicreyet, n 
are not at liberty to state his process fully. 
nietal is reduced and distilled in largo iron crud 
hies, which are raised automatically through e 
. tures in the bottom of the furnace, where they remain 
I until the reduction is completed and the sodinm 
I distilled. Then the eniciblo is lowered, a new one 
* containing a fresh charge is substituted and raiscl 
\ into the furnace, while the one just used is cleaned 
and made ready for use agaiu. The temperature 
required is very moderate, the sodium distilling as 
easy as zinc does when being reduced. Mr. Cast- 
ner expects to produce it at 25 cents per pound, 
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tlius solving the prolilem of ehcitp alumiDium, snd 
with it iDagtiesium, silicon, and boron, all of wbic-h 
depend on sodium for their manafactaro. Thus 
the production of cheap eodium meaofi much more 
tiian cheap aluminium. Mr. Castner ia well known 
in New York as a chemist of good standing, and 
has associated with him Mr. J. II. Booth and Mr. 
Henry Booth, both well known as gentlemen of 
means and integrity." 

Mr. Benjamin, in a letter to the ' Engineering 
Mid Mining Journal,' gives the following details 
in addition to those above :* The pots used are 
cast iron, 8 inches in diameter and 14 inches deep. 
They are kept at bright red, or about 1000°, at 
which temperature the decomposition lakes place. 
Whereas, by previous processes only one-third of 
the sodium in the charge is obtained, Mr. Castner 
gets nearly all, for the pots are nearly entirely 
empty when withdrawn from the furnace. Thus 
the great items of saving are, two or three times 
as much metal extracted from a given amount of 
Bait, and cheap ci^t-iron crucibles used instead of 
expensive wrought-iron retorts. 

The following are the claims which Mr. Castner 
makes in his patent: — -f 

Claim 1. In a process for manufacturing potaft- 
Bium or sodium, performing the reduction by dift'us- 

• Eng. and Min. Journ,, May i29, 1886. 
tU. S. Pat. No. 312,897. Junu 1, 1888. Hamillon T, CaBt- 
ner, New York, 
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ing carbon in a body of alkali in a state of fusii 
at niodemte tern perat tires. 

2. Performing the reduction by mea 
carbide of a metal or its equivalent, 

3. Mechanically combining a metal and carbon 
to increase the weight of the reducing material, 
and then mixing thia product with the alkali and 
fusing the latter, whereby the reducing material is 
held in suspensiou throughout the moss of fused 
alkali. 

4. Performing the deoxidiition by the carbide 
a metal or its equivalent. 

We learn later that Mr, Caatner cokes a mixture 
of fine iron and gas-tar, grinds the coke, and uses 
this ae the reducing material ; caustic soda is uai ' 
on account of its low fusing point. 

Reduction of Sodium bv Elbotbicitt. 



Mierzinski ; In order to lower the cost of sodiaif 
efibrts liave been made to obtain it by means 4 
electricity, Davy has shown that its producdoj 
in this way is possible, for he first obtained I 
metal by eloctrolizing a solution of Na'CO". 
Jablochoff uses the following arrangement to i 
compose NaCl or KCI : — 

The arrangement is easily understood. The b 
to be decomposed is fed in by the fuiniel into t 
kettle heated by a fire beneath. The positive f 
evolves chlorine gas, and the negative pole evolves 



k 



THB MAKUFACTURE OF 60DIUU. 143 

the metal, for, aa the salt is melted, the 
heat is sufficient to vaimrixe the metal liberated. 
The gas escajied througli one tulie and the metallic 




vapor by the other. The vapor is led into a coii- 
deDBerund soHiliticl. 



J 




MANUFACTURE OF ALUMINA. 

I DO not propose to give here nil the metUods 
which have been employed to get good clean alu- 
mina (Al'O'), but only those which may be recom- 
mended as being practical and economical on a 
large scale, not repeating the methods used at 8al- 
indrea or by Mr. Webster, which will be found in 
connection with the full description of the processes 
used at Salindres and Birmingham, Most of the 
following is from Mierzinski, and may be taken as 
representing the present state of the industry. 

I By igniting an alum salt, as ammonia alum, there 
remains either a white powder or shining, sticky 
pieces which are very hard and dissolve with dif- 
ficulty in weak acid or in concentrated solutions of 
alkali. Large quantities of this aUimina may be 
obtained by calcining the salt in an oven similar io 
its principal details to a soda furnace. 
Mierzinski then gives Mr. Webster's process of 
mixing the powdered alum with coal-tar, etc., 
which is given in full in Part IX. 
Tilghman decomposes commercial sulphate of 
alumina, A1'{S0Y.18H'0, by filling a red-hot fire- 
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clay cylinder with it. This cyliuder ia lined iu&ido 
witL a tnagnesiEi lettliDg, is kept at a reil heat, the 
eiilpliate put iu in large lumps, and Bt«am is [mssed 
through the retort, carrying with it vapor of JfaCl. 
This last arrangement ia eft'ected by passing steam 
into a castiron retort in which NaCl is kept melted, 
and as the steam leaves this retort it carriea vapor 
of the salt with it. It is preferable, however, to 
make a paste of the sulphate of alumina and the 
eodium chloride, forming it into email hollow cyl- 
inders, which are well dried, and then the fire-clay 
cylinder filled with these. Then, the cylinder being 
beated to whiteness, highly superheated st«ara is 
passed over it. The HOI which is formed is 
caught in a condensing apparatus, and there remains 
k mass of aluminate of soda, which is moistened 
with water and treated with a current of carbon 
dioxide and steam. By washing the mass, the soda 
goes into solution and hydrated alumina remains, 
which is washed well and ia ready for use. 

Most of the alumina is now made from the 
nstaral aluminous earths, beauxito and cryolite, 
the occurrence and properties of which have been 
already described. The manufacture from beauxite 
is fully described in the account of the process used 
at Satiudres, on p. 158, We will give here tlie 



■modern method^) of making it from cryolite. 
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MAKtTFACTURE FROM CRYOLITE. 

I Dry Way. — The cryolite is piilvenzetl, an oiisy 
operation, and to every 100 jiarts, 130 to 150 parts of 
chalk are added, and a Buitalle quantity of fluorHjiar 
ie also used, which remains in the residue on wash- 
ing after ignition. More chalk is used than ia the* 
retically necessary, in order to make the mass less 
fusible and keep it porous. But, to avoid using 
too much chalk merely for this purpose, a certain 
quantity of coke may be put into the mixture. It 
is of the first importance that the mixture be very 
intimate and finely pulverized. It ia of greater 
importftneo that the mixture be subjected toJiiB| 
the proper well-regulated temperature while being; 
calcined. The cryolite will molt very .easily, hut 
this is to be avoided. On this account, the calci* 
nation camiot take jilatie in an ordinary smelting 
furnace, because, in spite of stirring, the mass wilj 
melt at one place or another, while at another par* 
of the hearth it is not even decomposed, because 
the heat at the fire-bridge is so much liigher UiaD 
at the farther end of the hearth. Thomson cotir 
strucfed a furnace for this special purpose {* 
Figs. 6 and 7), in which the fiamc fi-om the fire 
first went under the bed of the furnace, then ov) 
the charge spread out on the bed, and finally in m 
flue over the roof of tlie hearth. The hearth hi 
bin area of nearly 9 square metres, being 4 ni 
long aud 2.5 metres wide. It is charge 
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twelve times each day, eacli time with 500 kilos of 

mixture, thus roasting 6000 kilos daily, with a 

Fig. 0. 




cons 11 rapt ion of 800 kilos of coal. The waste heat 
of the gases esrapiiig from the furnace is utilized 



1 




for drying the soda solution to its crystallizing 
jioint, and the gases finally pass under an iron 
plate ou which the chalk is dried. In this i'nr- 
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nflce the mass is ignited thoroughly without a h 
of it melting, so that the reaiduo can he fulld 
wnehed with water. The reaction conimen 
a gentle heat, hut ia not completeil until a I'ed heat 
is reached. Here is the critical point of the whole 
procesa, since a very little raising of the tempera- 
tupe above a red heat causes it to melt. However, 
it must not be understood that the forming of 
lumps ia altogether to be avoided. These lumps 
would he very hard and unworkable when cold, 
but they can he broken up easily while hot, 80 
that they may be drawn out of the furnace a few 
minutes before the rest of the charge is removed, 
and broken up while atill hot without any ti-ouble. 
The whole charge, on being taken out, is cooled 
and sieved, the liard lumps which will not pass the 
sieve arc ground in a mill and again feebly ignited, 
when they will become porous and may be easily 
ground np. However, the formation of these 
lumjis ean be avoided by industrious stirping of 
the charge in the furnace, A well-calcined mix- 
ture is porous, without dust and without lumps 
which are too hard to be crushed between the 
fingers. We would hero remark that mechani- 
cal furnaces of similar construction to those used 
in the manufacture of smla, potash, sulphate of 
80<la, etc., are more reliable and give the best 
results if used for this calcination. The mixture, 
or aslies, as the workmen call it, is drawn still hot, 
^and washed while warm in conical wooden boxe| 
with double bottoms, or the box may have hut c 
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bottom, with an iron plate about 7G nnirnnetred 
above it. A series of such boxes, or a large appa- 
ratus having several compartments, may be so 
armnged that the washing is done methodically, 
i. e.y the fresh water comes first in contact with a 
residue which is already washed nearly clean, and 
the fresh cliarge is washed by the strong liquor. 
This is known as the " Lessiveur methcnlique," 
and an apparatus constructed especially for this 
purpose is described in Dingier 18G, 370, by P. J. 
Ilavrez, but the subject is too general and the de- 
scription too long to be given here. A very suit- 
able washing apparatus is also that of Schank, 
used in the soda industry for washing crude scxla, 
and described in 'Lunge's Handbook of the Soda 
Industry,' Book II. p. 410. Since the ashes are 
taken warm from the furnace the washinu: water 
need not be previously heatc^l, but the final wash- 
w^ater must be warmed as the ashes have been 
cooled down by the previous washings. As soon 
as the strong liquor does not possess a certain 
strength, say 20° B., it is run over a fresh charge 
and so brought up. The solution contains sodium 
aluminate. 

Now, whether the sodium aluminate solution is 
made from beauxite or cryolite, it is treated further 
in the same way in either case to get the hydrated 
alumina and the soda solution. Carbon dioxide is 
next passed through the solution. 

The carbon dioxide necessary for precipitating th-" 

13* 



""liydrated alumina may be inailo in different w«^ 
The gases coming from the furnace in calcining till 
cryolite might he used if tbey weronoteontamini 
with dust ; and there is also the difficulty that ex- 
hausting the gaaes from the furnace would interfere 
with the calcination. It has also been recommended 
i to use the gaaes from the tires under the evapora- 
[ ting pans, by exhausting the air from the fluea and 
purifying it by washing with water. This can 
only be done where the pans are fired with wo 
or gas. However, the lime-kiln is almost exdlf 
Bively nsed to furnish this gas. The kiln used i 
ehuped like a small blast furnace. Leading in at tti 
boshes are two flues from five fire-iilaces built, J 
the brickwork of the furnace, and the heat fro 
these calcines the limestone. The gases are tak^ 
otf by a cast-iron down-take at the top. At 1 
bottom of tlie furnace, corresponding with tbe t 
hole in a blast furnace, is an opening, kept closed, 
from which lime ia withdrawn at intervals. A 
strong blast is blown in just above the entrauee o 
the side flues, and by keeping up a pressure in ti 
furnace, leakings into it may be avoided, 
gas is suckdl away from the top by a pump, whifi 
forces it through a cleaning apparatus constructii 
like a wash bottle, and it is then stored i 
eometer. Instead of the pump, a steam aspirall 
may be used, which is always cheaper and takesf 
3S8 room. 
The preci])itatioTi with (^0' is made by simply 
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mng it throngh a tube into tlie liquid. The 
apparatus used at Salindres is uiio of the most im- 
proved forms, (See p. 163.) Tlie preoipilale is 
granular, and settles easily. However, it is not 
pure hydratedaliimiiia,but a com]K>uiid of alumina, 
Boda, carbonic acid, and water, containing usually 
about 46 per cent. Al»0», 20 per cent. NaK'O", and 
35 per cent. 11*0. The aoilium carbonate can be 
separated by long-continued boiling with water, 
but by this treatment the alumina becomes very 
(relatinous and very difficult of further treatment. 
The precipitate was formerly separated on linen 
filters, but centrifugal machines ai-e now prefen-efl. 
The evaporated solution gives a high grade of car- 
bonate of fioda free from iron. The heavy residue 
which is left after the ashes have been lixiviated 
consists of Fe*0*, CaO, undeeompoacd cryolite, and 
alumiuate of Na, and has not beeu used for any- 
thing. 

According to Lowig's experiments, the solution 
of sodium aluminate can be precipitated by cal- 
cium, barium, strontium, or magnesium, hydrates, 
forming caustic soda and liydrated alumina, the 
latter being precipitated with the CaO, liaO, SrO, 
or MgO. The precipitate is washed by decantalion 
and then divided into two portions, one of which 
is disBolved in IIOl, the other made into a mush 
with water and gradually added to the solution of 
the other half until the iiltrate shows only a very 
Bttle Al*0» in solution. Ca'Cl', BaCI', SrCl», or 
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MgCl* has beeu formed, and the alumina all pre- " 
cipitated. 

Wet icay. — The ilecom position of cryolite in the 
wet way is operated as follows: The finely 
powdered cryolite iu boiled with dried burnt lime 
ill the proportion of three parts erjolite to two of 
lime. There results a precipitate of calcium fluor- 
ide, CaF', while sodium alumiimte ia in the 
solution. The resiction takes place quite easily. 
The solution ia settled, washed by decaatation, 
and these washings put with the strong solution 
first poured off; the next washings are reserved 
for the fi-eah wash-water of another operation. 
The solution of sodium aluminate is then l)oiled 
with a quantity of cryolite equal to the amount 
firat used, when sodium fluoride is formed and 
alumina precipitated. This operation is in no way 
difficult, only requiring a little more attention 
than the Jirst. The alumina thus made is very 
finely divided. The reactions involved are: — 

A I'F'.GNaF + 6CaO- Al'0».3Na»0 -1- 6CaF». 
Al'F'.ONaF + Al=0^3Na»0 + 6U=0- 2( ATO'.sn'O) 
+ 12NaF. 
During this last operation it is best to add an 
excess of cryolite, and keep the liquid in motion 
to prevent the cryolite from caking at the bottom. 
Lead is the best material to make these precipitat- 
ing tanks of, since iron would contaminate the 
' alumina. The precipitate is washed as in tli«. 
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previous operation. The solution of sodium fluor- 
ide, NaF, is boiled with the nxjuisite quantity of 
burnt lime, which converts it into caustic soda, 
NaOH, which is separated from the precipitated 
CaF* by decantation and washing. The solution 
is evaporated down to a concentrated solution of 
NaOH, or to dryness, as desirable. The lime used 
Bhould be as pure and free from iron as possible, to 
avoid contaminating the alumina. 

Alumina may also be obtained from alum stone 
or alum shales ; by converting these into alums or 
into Al*(SO*)*Aq. by any of the well-known 
methods of alum-makers, and then the alumina 
made by calcining this salt, as given on p. 144. 



PART VIII. 

MANUFACTURE OF THE DOUBLE CHLORIDE OF 
ALUMINIUM AND SODIUM. 

Since the co^t of the aluminium chloride is 
equal to the cost of the sodium used, in making 
aluminium, many attempts have been made to 
cheapen its manufacture from alumina, but with- 
out much success. Mr. Frishmuth, of Philadel- 
phia, claims that he has lowered the cost of alum- ■ 
inium principally by making the APCl* much 
cheai)or than before. Mr. Webster's process, 
which has been ai)plied on such a large scale, is 
altogether concerned w^ith producing the AVOf 
cheaply, not a word being said about improve- 
ments in making the sodium. However, with 
these exceptions, and possibly one or two others 
which will be found further on, the making of 
these chlorides has remained much as Deville 
left it. The description of their manufacture as 
conducted at Salindres is the only account given i 
by Mierzinski, and so that may be taken as the 
process now in general use, especially in Europe. 
It will be found on p. 16G. I add here just a few 
words to Fremy's description of the process, which 
may serve to render his description more exact: — 
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Mierzinski says that when the double chloride 
is to be made, special importance is to be attached 
to using materials free from iron in preparing the 
alumina, as iron cannot be removed from A1*C1*.- 
2XaCl as easily as from A1*CR Mierzinski also 
devotes some space to descriptions of chlorine 
generators, but that is a separate subject, full de- 
scriptions of which can be found in any good work 
on practical chemistry. 

There have been a few attempts to make these 
chlorides in dift'erent ways from that used in 
Deville's process. I find two such processes, 
which, however, cannot have been much of an 
improvement on Deville's, or else they would have 
supplanted it. 

M. Dullo makes the following observations on 
the production of Al'Cl' direct from clay: — ^ 

"Up to the present time the APCl* necessary to 
the production of aluminium has been prepared by 
treating cryolite or beauxite, calcining them with 
carbonate of soda, and neutralizing directly with 
HCl or CO* the alumiuate of soda formed. This 
process may be simplified, and the APCl* obtained 
much more easily, by direct treatment of clay. 
For this purpose a good clay, free froni iron and 
sand, is mixed with enough water to make a thick 
pulp, to which is added NaCl and pulverized 
carbon. For every 100 parts of dry clay there are 

♦ Bull, de la Soc. Chem. 1860, vol. v. p. 473. 
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taken 1 20 purts NaCl iimi 80 of carbon. Tlie mix- 
ture IB driul and broken u|> into small fmgineiitM, 
wliieh arc thtui introducud into a rod-hot retort 
travorsed by n current of chlorine. Oarboiiic 
oxide is diaongagud, while at the same tiino AI'Cl' 
and a little SiCI* are formed. It is not noceassry 
that the chlorine should bo absolutely dry, it may 
l»e eniployod just au it conios from the generator. 
The gns is nWorhed very rajiidly, because between 
the aluminium and Kilicon there are reciprocal 
nctioim under the influence of which the clicmical 
actions are hioto prompt and energetic. The 
aluminium having for chlorine a greater affinity 
than Hilicon has, APCl* is first formed, and it is 
only when all the aluminium is thus transformed 
that any SiCl* is formed. When Si<JI' bogiiui to 
form the operation is stopped, the incandescent 
mixture is taken out of the retort and treated 
with water. The solution is evaporated to dryness 
to separate out a small quantity of silica, SiO*, 
whicli is in it, the residue is taken up with water, 
nnd the Al'Cl*.2NaCl remains wlien the fi!t«red 
solution is evaporated to dryness. These flucocs* 
fiive solutions and evaporations might probably be 
suppressed, especially if only onongh chtorino is 
passed over the incandescent clay to just convert all 
the aluminium into AI'Cl', in which case no SiOl* 
will be formed, atid thcrel'ore no soluble silica can 
exist in the solution to coutaroiuate the A1*C1* or ' 
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impede its reduction. M. Diillo recommends re- 
ducing the Al«Cl«.2XaCl by zinc. See Part X. 

' Chemical News/ 1878, p. 307, contains a short 
account of an improved method of pix>ducing 
A1*C1*, which consists essentially in [mRsing vai»ors 
of hydrochloric acid, IICl, and carbon disulphide, 
CS*, simultaneously over heated alumina or clay. 
The CS* changes it into aluminium sulphide, 
A?S», and the IICl converts this into A1«C1«, 
which distils. 
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'ACTURE OF AlUMINIDM AT SaLINDHES (GaBD)' 

We will now pive tlio actual prGparation at Snlin- 
dres,* with the latest iiiiprnvements which it lias 
received in practice. Aliitniniiim is there roguliirly 
prepared at the works ()f tlie Chemical Manufafr 
taring Company of Aluia and Caniargiie, the old I 
firm of Henry Merle & Co., new firm A. R. IVhi* I 
ney & Co. 

The principal chemical reactioiiB on which tllil 
procCBa rests are the following : — 

Formation of uliimiimte of aoda by caleii)iii| 
I beauxito with Na'CC— 
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III a mixture of alumina, carbon, and soiU- 
um chloride — 
Al»0» + 3C + 2N'aCI+6CI-AI»Cl«.2NaC] + 3CO. 
Reduction of this double chloride by sodium. 

Al»CI'.2NaCI + 6Na- 2 Al + 8XaCI. 

The primary material then to furnish the alumin* 

ium IB beauxite. It will be seen that to obtain 

the metal it is necessary to proceed aucceseively 

through the following operations : — 

I. Preparation of the alumiimte of soda and so- 
lution of this salt to separate it from the ferric 
oxide contained in the beauxite. 

II. Precipitation of hydnited alumina from the 
aluminale of soda bj a current of carbon dioxide ; 
washing the precipitate. 

m. Pre^iaration of a mixture of alumina, car- 
bon, and salt, drying it, and then treating with 
gaseous chlorine to obtain the double chloride of 
aluminium and sodium, 

IV. Lastly, treatment of this chloride by sodium 
tonblain aluminium. 
' We will now review these operations as practi- 
ailly carried out in detail. We will not consider 
the preparation of the crude materials as chlorine, 
sodium, etc, which is spoken of elsewhere. 

I. Prejmration of the Aluminate of Soda. 

The alnminate to serve for the preparation of 
Al*Cl*.2IsaCl was first obtained by the calcination 
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of ammouia a!um. At SitlinJroB this 
drawn and beaux ite used, a material cODHiating of 
ecBciui-oxtde of iron and ulumiiiiumiii varying pro- 
portions, with two molecules of water and a little 
silieo. It is redder the more iron it contai™. 
Beauxite is plentiful enough in the south of Fran**, 
principally in thedcpartmentsof HorauIt,]Jouch»- 
du-Uhone, and Var. That used atSalindrescomoa 
from Var. It contains at least seventy-five per 
ecnt. alumina. To separate the alumina from Fo'O', 
it 18 treated with carbonate of so<la, under tlie iu- 
fluence of a sufficiently high tempemture, the A IK)* 
displacing the CO* and forming ahmiinate of BOtla, 
Al'0*.3Na'0, while the Fe*0' remains unattackd, 
A aimplo washing with water then permits the 
separation of the Al'O'.SNa'O from the insoluHfl 
Fe'O*. The beauxite is firat finely pulveriaed by 
means of a vertical mill-stone, then intimately 
mixed with some Na'CO*. The mixture is luudtl 
for one operation, of — 

4B0 kilos beauxite. 

800 " Na'UO' oflW alkali degrees. 

This mixture is introduced into a reverbcratoij 
fnmaee, resembling in form a soda furnace, am 
whieb will bear heating strongly. The inaBS i* 
stirred from time to time, and it is kept heatea 
until all the carbonate has been attacked, which i* 
recognised by u test being taken which does n<A 
efter\'osce with acids. The operation 
five to six hours. 
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The aluminate thus obtained is separated from 
Fe*0* by a washing with warm water. This wash- 
ing is made at first with a feeble solution which has 
served for the complete exhaustion of the preceding 
charge, which was last washeil with pure water, 
forming thus this feeble solution. This gives, on 
the first leaching, solutions of aluminate concen- 
trated enough to be called strong liquor, which are 
next treated by the current of CO' to precipitate 
the hydrated alumina. The charge is next washed 
"with pure water, which completely removes the 
aluminate; this solution is the weak li(iuor, which 
is put aside in a special tank, and used as the first 
leaching liquor on the next charge treated. This 
treatment takes place in the following apparatus 
(see Fig. 8) : £ is a sheet-iron vessel, in the middle 
of which is a metallic grating, F^ on whicli is held 
all round its edges, by pins, a clotli, serving as a 
filter. The upper part of this vessel is called sim- 
ply the filter. A ought to be closed by a metallic 
lid held on firmly by bolts. To work the apparatus, 
about 500 kilos of the charge to be washed is 
placed on the filter cloth, the lid is closed, then the 
8team-cock / of the reservoir A is opened. In A 
is the weak solution from the last washing of the 
preceding charge. The pressure of tlie steam 
makes it rise by the tube 7' into the filter; another 
^t of steam, admitted by the cock i, rapidly 
warms the feeble liquor as it soaks into the charge. 

After filtering through, the strong liquor is drawn 

14* 
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off by turning the stopcock Q. The weak solu- 
tion of the reservoir A is put into the filter in 
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8Uccc8sivo portions, and not all at once ; and after 
each addition of solution has filtered through, its 
strength in B.° is taken, before any more solution 
is run in ; then, when the solution marks 8 to 4°, 
it is placed in the special tank for weak liquor, 
with all that comes through afterwards. Just 
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about this time, the weak liquor of the reservoir 
A is generally all used up, and is replaced by pure 
water introduced by the tube rf. All the solutions 
which filtered through, marking over 8 to 4° B., 
are put together, and form the strong liquor which 
marks about 12° B. This extraction of the alu- 
minate being completed by the pure water, the 
residue on the filter is taken out, and a new oi>era- 
tiou may be commenced. 

n. Preparation of the Alumina. 

The strong liquor is introduced into a vessel 
having an agitator, where a strong current of CO* 
may precipitate the Al'O* from it. The gas is 
produced by small streams of hydrochloric acid 
continuously falling on some limestone contained 
in a series of earthenware jars. The precipitation 
vessel is called a baratte. The CO* after having 
passed through a washing flask, is directed to a 
battery of three barattes, where the precipitation 
is worked methodically, so as to precipitate com- 
pletely the alumina of each baratte, and utilize at 
the same time all the carbon dioxide produced. 
In order to do this, the gas always enters first into 
a baratte in which the precipitation is nearest com- 
pletion, and arrives at last to that in which the 
solution is freshest. When the gas is not all ab- 
sorbed in the last baratte, the first is emptied, for 
the precipitation in it is then completed, and it is 
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made the last of the series, the current being now 
directed first into the baratte which was previously 
second, while the newly charged one is made the 
last of the series. The process is thus kept on 

Fig. 9. 




a. Charging pipe. 
h. Btcani pipe. 

c. Stoarn drip. 

d. CCr^enterH. 

/. DiHcliarge pipe. 

A, Agitator, made of Iron rods. 

C. Tan If in wliicli the precipitate lettlei. 

B. IJarutto body. 
i>. titeam Jacket. 
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tinuouslj. The apparatus used is sliown in 
Fijr. 0. 

Each buratte holds about 1200 litres of solution, 
ami the complete precipitation of all the alumina 
in it takes live to six hours. A uicchauicftl agi- 
tator stirs the contents continually, and a current 
of steam is let into the double bottom so as to 
keep the temperature of the solution about 70°. 
Tlie precipitated alumina and the solution of 
Ka'C'O' which R'maine are received in a vat 
placed beneath each baratte. The solution is de- 
canted oft' clear, after standing, and theu evapo- 
rated down to dryneGs, regenerating tlie Na'CO 
used in treating the beauxite to malce the alunii- 
nate, less the inevitable tosses inseparable from all 
iudustrial operations. The deposit of alumina is 
put into a couioul strainer to drain, or else into a 
ceotrifugal drying niachiue, which rapidly drives 
out of the hydmted alumina the solution of Na*CO* 
"Which impregnates it ; a washing with pure water 
in the drier itself terminates the preparation of tho 
alumina. At the works at Salindres, a. part of this 
uliiniiua is converted into sulphate of alumina, 
whicli is sold, the remainder being used for tho 
ttluniiuium manufacture. After washing in tho 
irjer, the alumina presents this composition: — 

&\'0> . . . ■ . . . 47.5 
llHi 50.0 
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III. Preparation of the Al'0*.2Naa. 

"When a current of chlorine is passed through a. 
mixture of anhydrous alumina and carbon, Al'Cl* 
is obtained. This simple chloride may be em- 
ployed for obtaining aluminium ; it was first so 
employed by Deville ; but it is deliquescent, ita 
preservation is difficult, and its employment very 
inconvenient. Industrially, as indicated by De- 
ville, the double chloride is always used, as it does 
not present these inconveniences to so large a 
degree. The double chloride may be obtained in 
the same manner as the simple chloride ; it is suf- 
ficient to put some common salt, NaCl, into a 
mixture of alumina and carbon, and, on heating 
this mixture strongly, there is formed, by the 
action of the chlorine, Al'Cl°.2NaCl, which distils 
at a red heat and condenses in a crystalline mass at 
abont 200°. The hydrated alumina obtained in 
the preceding operation is mixed with salt and 
finely pulverized charcoal, in proper proportions, 
the whole is sifted, and a mixture produced as 
homogeneous as possible ; then it is agglomerated 
with water and made into balls the size of the fist. 
These balls are first dried in a drying stove, at 
about 150°, then calcined at redness in retorts, 
where the donble chloride should commence to be 
produced just as the balls are completely dried. 
These retorts are vertical cylinders of refractory 
earth, each one is furnished with a tube in its lower 
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art for the iiitrodoction of chlorine, and with 
another towards it« upper end for the exit of the 
vapor of double chloride. (See Fig. 10.) A lid 




<!BrefuIly luted during the oi>enition with a mix- 
'ore of fine clay and horae dung serves for the 
diarging and discharging of the retort. The 
ttouble chloride is coudeused in earthen pots like 
flcwer pots, made of ordinary clay, and closed hy a 
^eli-Iuted cover, into which paasea a pipe of clay 
^^ conduct the gas resulting from the operation 
^to flues connected with the main chimney. Each 
'etort is heated by a fire, the flame of which circu- 
lates all round it, and permits keeping it at a bright 
led hcut. An optTation is conducteil as follows 
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i retort is filled with stovcHlried balls, tho U4 ' 

} ifl farefully \uUi(l, and thu retort is heiited geiitly 

I till all tlie moistiiro is drivoii oft', Tliis compkta 

I dcHiccation is of great iriii>ortance, and ruquirits 

I miicli time. Tiien chlorine, fiiriiiahed by a battery 

' of tlirce generating vchboIr, i» piuaed iti. T)uriiig 

tlie first hours, the gas is totally absorbed by th» 

balls, and the double chloride distils regularly f( 

about three hours, and runs into Ihe oartlicn pol 

L where it solidities. Toward tlic end, the distilla- 

ftion is more difficult and lusa regular, and tho 

I chlorine is then only incompletely abttorbcd. After 

l-ea4.'h o{)eration thei-e raniains a little residue in the 

I retort, which accumulates and is removed every 

1 two days, when two operations are made per ilay. 

One oporatioti lasts at least twelve hours, ami a 

retort lusts sometimes a month. The double 

, chloride is kept in tho pots in which it was con* 

[ denstxl until tho time it is io be used in tho next 

, fljieration ; it is almost chemically pure, save traces 

of iron, and is easy to keep and handle. 
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IV. Mcibwtion of the Double Cldonih hy SixUum, 

The difficulty of this operation, at least from an 

' industrial point of view, is to get a slag fui^ible 

I enough and light enough to let tho reduced metal 

isily sink tltrongh it and unite. ThiR result has 

Tjeen readied by using cryolite, a white or grayish 

mineral originally from Ureeuland, very i 
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tnelt, formula AlT'-OXaF. This material forms 
with the NaCl resulting from tlie reaction a very 
fusible slag, in the midst of which the aluminiuni 
collects well, and falls to the bottom. In one ope- 
ration tlie charge is^ 
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The double chloride and cryolite are pulverized, 
the 8odiura,eut into small pieces a little larger than 
the thumb, is divided into three equal parts, each 
partbeing pat into a sheet-iron basket. The mixture 
of double chloride and cryolite, being pulverized, is 
divided into four equal parts, three of these are 
respectively put in each basket with the sodium, 




the fourth being phimi in a ba.lal l.y iNlf. The 
reduction funiacu (see Kig. llj is a little furnace of 
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refractory brick, with aQ inclined hearth and a 
vaulted roof. This furnace is strongly braced by 
iron tie-rods, because of tbe concussions caused by 
the renction. The flame may at any given moment 
be directed into a flue outside of the hearth. At 
the back part of the furuace, that is to say, on that 
side towards which the bed slopes, is a little brick 
wall which is built up for each reduction and is 
takeu away in operating the running out of the 
metal and slag. A gutter of cast iron ia placed 
immediately i» front of the wall to facilitate ruu- 
ning out the materials. All this side of the furnace 
ought to be opened or closed at pleasure by means 
of adami«r. Lastly, there is an opening for charg- 
ing in llie roof, closed by a lid. At the time of an 
operation the furnace should be heated to low red- 
ness, then are introduced ia rapid succession the 
contents of the three baskets containing sodium, 
etc., and lastly the fourth containing only double 
chloride and no sodium. Then all the openings of 
the furnace are closed, and a very vivid reaction 
accompanied by dull concussions immediately takes 
place. At the end of fifteen minutes, the reaction 
subsides, the dampers are opened, and the heat con- 
tinued, meanwhile stirring the mass from time to 
time with an iron poker. At the end of three 
hours the reduction ia ended, and the metal collects 
at the bottom of the liquid bath. Then the run- 
ning out is proceeded with in three phases : First, 
Running ort' the ,upper part of the bath, which 
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consists of a fluid material completely free from re- 
duced aluminium and constituting the white slag. 
To run this out a brick is taken away from tlie 
upper course of the little wall which terminates 
the hearth. These slags are received in an iron 
w^agon. Second. Running out the aluminium. 
This is done by opening a small orifice left in the 
bottom of the brick wall, which was tenir»orarily 
plugged up. The liquid metal is receive<l in a cast- 
iron melting pot, the bottom of which has lx*en 
previously heated to redness. This aluminium U 
immediately cast in a series of small rectangular 
cast-iron moulds. Third. Running out of the rest 
of the bath, which constitutes the ^rrav shirrs. 
These were, like the white slags, formed by the 
XaCl and cryolite, but they contain in addition, 
isolated globules of aluminium. To run these out 
all the bricks of the little wall are taken awav. 
This slag is received in the same melting-pot into 
which the aluminium was run, the latter liavini^ 
been already moulded Here it cools gradually, 
and after cooling there are always found at the 
bottom of the pot several grains of metal. In a 
good operation there are taken from one casting 
10.5 kilos of aluminium, which is sold directly as 
•commercial metal. 

The foregoing description from Fremy sets forth 
in its perfection the production of aluminium by 
means of sodium, and until very recently this was 
the only successful commercial process. A large 



172 



ALUMINIUM. 



amount of alurniiiium is now produced by this 
proccftfl, and it, therefore, does not lack interest. 
The following data as to the expense of this pro- 
cess may bo very appropriately inserted here, giving 
the cost at Salindres in 1872. 

In 1872, 8600 kilos of Al were made at Salindres 
at the following average cost: — 

a. Manufacture of one kilo of Na. 



Rod a 
Cottl 



9.85 kilos (m 82 fr. per 100 kilos «■ 8 fr. cent. 
74.82 ** "1.40" " " " — 1 *' 4 " 

Wages . . . 1 " 78 ** 
Expenses . . 8 " 46 



it 



ii 



Total . . . . 11 " 82 

i3. Manufacture of one kilo of Al'Cl*.2NaCl. 

Anhydrous AW^ 

0.59 kilos Qt) 80 fr. per 100 kilos ■» fr. 50.7 cent. 



Mn02 


. 8.74 " 


ii 1^ ii ii ii ii 


IICl . 


. 15.72 " 


ii g ii ii it ti 


Coal . 


. 25.7JB " 


ii 1 40 ii ii ii 

Wages . . 
Expenses . 



Total . . . 
Manufacture of one kilo of Al. 
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* 52.3 




* 


' 47.1 




.0 ' 


» 86.1 




» 


♦ 28.8 




♦ 


* 88.0 




2 • 


* 48.0 





Na . . 8.44 kilos (aj 11.82 fr. 


per kilo » 88 fr. 00 cent. 


Al«Cl«.2NaCn 




10.04 ♦» " 2.48 " 


ii ii .24 *♦ 90 " 


Cryolite 8 K7 " " 01.0 " 


»* 100 kilos — 2 " 86 " 


Coal 29.17 " " 1.40 " 


ii <i ** ^ ^* 41 " 




Wages ... 1 " 80 " 




Costs . . . ** 88 " 




Total . . . 69 " 25 " 



* A. Wuriz, Wagner's Jnresb., 1874, vol. xxl. 
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This must be increased ten i>er cent, for losses 
and other expenses, making tlie cost of ahmiinium 
80 fr. j>er kilo, and it is sold for 100. 

According to a statement in the ' IJull. de la Soc. 
de rindustrie Minerale,' ii., 451, made in 1882. 
Salindres was then the only place in which alu- 
minium was manufactured. 



Later Improvements in Deville's Trocesses. 

The later improvements in this process have been 
made printipally by Mr. J. Webster, of Birming- 
ham, England, and some are claimed by Frishmuth 
of Pliiladelphia. We will examine the rejwrts of 
Webster's processes and the claims of Frishmutli. 

Webster's Process. 

Recently the statement* has been current in a 
number of journals tliat material improvements 
have been made in the manufacture of aluminium at 
the Aluminium Crown Metal Works at Hollywood, 
near Birmingham, England, under the direction of 
Mr. Webster. Mr. Webster describes one of his 
improvements, which is patented,t as follows : 
Three parts of alum are mixed with one part of 
coal pitch, and the mixture heated to 200° or 200*^. 

* Dingier, 1883, cclix. 86. 
f Austrian Pat. Sept. 28, 1882. 
15* 
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Ill about three hours the pasty mase is spread upon 
a atone floor, and after hecoming cool is broken in 
pieces, llydrochloric acid of twenty to twenty- 
iive per cent, is poured upon these pieces placed in 
piles which are turned over from time to time. 
When the evolution of eulphurettcd hydrogen, 
Ii*S, has stopped, about five per cent, of charcoal 
powder or lampblack, with enough water to make 
a thick paste, is added. The mass is thoroughly 
broken up and mixed in a mill, and then worked 
into balls of about a pound each. These are bored 
through to facilitate drying, and lieatod in a dry- 
ing chamber at first to 40°, then in a furnace from 
95 up to 150°. The balls are then kept for three 
houre at a low red heat in retorts while a mixture 
of two parts Bfeam and one part air is passed 
through, so that the sulphur and carbon are con- 
verted into SO' and CO', and thus escape. The 
current of gas carries over some K*SO*, FeSO*, and 
A1*0*, and is therefore passed thi-ough clay con- 
densers. After these have been driven oft" the dry 
residue is removed from the retort, again ground 
in a mill to fine powder, which now consists of 
A1*0* and K'SO*. This powder is treated with 
about seven times ita weight of water, then boiled 
in a pan or boiler by means of steam tor about one 
hour, then allowed to stand till cool. The solution 
containing the K'SO* is run off and evaporated to 
dryness, the alumina is washed out and dried. 
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The product thus obtained contains 84.1 per cent. 
A1*0». 

The above patent is seen to cover only the man- 
ufacture of jjure alumina. A later account thus 
describes Mr. Webster's plant and processes. It 
is taken from the Birmingham, England, 'Gazette,' 
and was copied into an American journal* as fol- 
lows : — 

" There has been recently patented in most of 
the leading countries of the world an invention of 
great importance. Tlie Aluminium Crown Metal 
Co., at Hollywood, near Birmingham, now claim to 
have perfected an improved process by which they 
produce pure alumina from alum, convert it into 
A1*C1^ and reduce this by sodium. By this pro- 
cess the two common impurities of aluminium, 
silicon and iron, are avoided. The inventor is Mr. 
James Webster, the founder and principal of the 
company. Their works having been erected within 
the last five years, the plant is of the most recent 
date, comprising all the modern improvements in 
calcining furnaces and retorts, sheet-rolling and 
wire-drawing mills, together with the requisite 
casting, fitting, and other shops. 

"On retiring from business some years ago as a 
metal manufacturer, Mr. Webster took up his resi- 
dence at Hollywood, and while nominally engaged 

* Bulletin of the Iron and Steel Association, Philadelphia, 
January 3, 1883. 
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in fanning carried on tlio oxperimonta which be 
hnil cnmmencpd a« far back as 1851 for the inven- 
tion of an expciditious and inexpensive mcnle of 
producing aluminium, llo designed all the vari- 
ous buildings, appliances, and apparatus nc'c'essary 
for the cari-ying on of exporiments, upon which he 
cxpendid upwards of X3000, besides £2000 or 
£3000 in procuring patoiit rights at lionui and 
abroad. A French syudioate has just oftered him 
£2f>,000 for tho patent for France alone, while 
partioM in the United States, Belgium, and Gor- 
matiy are arranging to purchase rights. 

"The invention haa only been perfected about 
eiglit«cn months, and the firm have but recently 
begun to place the product on tho market, yet suub 
is the demand, that ttiongb they are now working 
day and night, they cannot execute one-(iuarter of 
tho orders accumulating on thoir books. By the 
ordinary method of precijiitation, 12 tons of alum 
and 6 tonaof K'CO* or Na'CO" are required t^j pro- 
duce one ton of alumina, and tliO whole procem 
occupies nine weeks; wJiereaa, in Mr. Webster's 
plan, no precipitant is used, and a ton can be manu- 
factured in a week with the existing plant. Tho 
cost of one ton of alumina by the oi-dinary method 
is upwai-ds of £1000, while it is less than £100 by 
Mr, Webster's process. 

" Mr. Webrtter's procoBB consists in taking a given 

quantity of alum and pitch, which are finely ground, 

i mixed together, and placed in a calcining furnace, 
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by which means 38 per cent, of water is driven off, 
leaving the sulphur, potash, and alumina, with 
some ferric oxide. The calcined mixture is then 
put in vertical retorts, and steam and air are forced 
through, which leaves a residue of K'O and Al'O* 
only. This is then placed in a vat of warm water 
heated by steam. The caustic potash liquor is then 
run oft' and boiled down, while the residual Al'O* 
is collected in sacks and dried. This de{)osit con- 
tains about 84 per cent. Al'O', while that obtained 
by the old process of precipitation has only 65 j»er 
cent Thus a saving is eftected of nine-tenths in 
cost and 19 per cent, more alumina is obtained. 
In addition to this, the whole of the bye products 
are recovered, consisting of KOII,S (which is used 
in making 11*80*), and aluminate of iron. From 
these bye products is made a blue dye, which is 
sold for six shillings a pound, and is used in place 
of indigo for dyeing calico and other materials. 
The A1H31* is reduced by sodium. 

" ' The English Ironmonger' for April, 1886, con- 
tains a long article describing the extensions which 
this company have made, their works having now 
attained a large size, while the number and variety 
of their products, in aluminium and its alloys, as 
ingots, wire, sheet, or worked up in hundreds ot 
different ways, is truly surprising. They have 
monopolized this business in England, and are very 
enterprising in introducing their manufactures else- 
where." 
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Frisiimutii's Process. 

In the United States the only improvement in 
the sodium process of reducing aluminium in 
contained in the following patent: — * 

Win. Frishmuth, of Philadelphia, in his patent 
makes the following claims : — 

1. The simultaneous generation of sodium vapor 
and a volatile compound of aluminium in two 
8ei)arate vessels or retorts, and mingling the 
vapors thus obtained in a nascent (?) state in a third 
vessel, wherein they react on each other. 

2. The sodium vapor is produced from a mixture 
of a sodium conipound and carbon, or some other 
reducing agent; and the aluminous vapor from 
aluminous material. 

8. The simultaneous generation of sodium vapor 
and vapor of Al'Cl^or Al'F*; or of sodium vapor 
and Al«Cl«.2N"aCl. 

4. Converting the aluminous material to a vapor 
by heating it in a retort with NaCl,and subjecting 
it at the same time to chlorine gas; mingling the 
vapor of AlH'l*.2Na(U thus obtained with vapor 
81 multaneouHly generated from Na'COand carbon. 

* U. 8. Pat., 808,153. Nov. 18, 1884. 
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. Other Processes. 

H. Niewerth, of Hanover, has patented in the 
United States and other countries the following 
process :* A compound of aluminium, with chlorine 
or fluorine, is brought by any means into the form 
of vapor, and conducted, strongly heateil, into 
contact with a mixture of 62 parts Xa'CO*, 28 coal 
and 10 chalk, which is also in a highly heateil c*on- 
dition. This mixture disengages sodium, which 
reduces the gaseous chloride or fluoride of alumin- 
ium, the nascent sodium being the reilucing agent 
In place of the above mixture other suitable mix- 
tures which generate sodium may be emi»loyed, or 
Diixtures may also advantageously be used from 
which potassium is generated. 

Hector von Qrousilliere, Springe, Hanover, pat- 
ents the following improvement :t In order to 
avoid the difficulties ordinarily met with in the 
use of Al*Cl*.2NaCl to obtain aluminium, the 
patentee raises the volatilizing point of Al'Cl* by 
performing its reduction, either chemically or 
electrolytically, under pressure in a strong, her- 
Mietically-closed vessel lined with clay or magnesia 
and provided. with a safety valve. 

♦ Scl. Am. Suppl., Nov. 17, 1883. 
t Eng. Pat., June 29, 1885, No. 7858. 



i beduction of aluminium: by other reduc- 
ing agents than sodium. 

Reduction by Cyanogen. 

According to Kuoivlea'a patent,* aluminium 
I cbloride, Al'Cl*, is reduced by meana of potassium 
OP sodium cyanide, the APOl', either fused or in 
the form of vayior, being brought in contact with 
either the melted cyanide or its vapor. The 
patent further states the strange fact that pure 
alumina may be added to increase the product. 

Corbelli, of Plorenee,! patented the following 
method in England : Common clay ia freed from 
all foreign particles by washing, then well dried. 
One hundred grammes of it are mixed with six 
times its weight of concentrated sulphuric or 
hydrochloric acid ; then the mixture ia put in a 
crucible and heated to 400 or 500°. The mass re- 
Bulting is mixed with 200 grammes of dry yellow 
prussiate of potash and 150 grammes of NaCl, and 
this mixture heated in a crucible to whitenes 



* Sir PranciB C. Knowles, Eng. Pat. 1857, No. 
\ Wagner's Jalircsb,, 1808, 



whiteneSK^H 
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After cooling, the reduced aluminium is found in 
the bottom of the crucible as a button. 

According to Deville's experiments, this process 
will not give any results. Watts remarks that 
any metal thus obtained must be very impure, 
consisting chiefly of iron. The patent is dated 
1858, No. 142. 

Reduction by Hydrogen. 

P. W. Gerhard* decomposes aluminium fluor- 
ide, Al*F*,or Al*F«.6NaP— cryolite— by subjecting 
it to hydrogen at a red heat. The aluminium 
compound is placed in a number of shallow dishes 
of glazed earthenware, each of which is surrounded 
by a number of other dishes containing iron 
filings. These dishes are placed in an oven pre- 
viously heated to redness, hydrogen gas is then 
admitted, and the heat increased. Aluminium 
then separates, hydrofluoric acid, IIF, being 
formed, but immediately taken up by the iron 
filings and thereby prevented from reacting on the 
aluminium. To prevent the pressure of the gas 
from becoming too great, an exit tube is provided, 
which may be opened or closed at pleasure. This 
process, patented in England in 1856, No. 2980, is 
ingenious and was said to yield good results. The 

• 

inventor ha^, however, returned to the use of the 

• WatU's Dictionary. 
16 
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moro costly mliicinj; nj^oiit, nodiiini, which would 
8oem t(» imply tliat the hydrogen matljod haa not 
yet i|iiite fuifillod liin oxpoftjitiorm. 



Rfinon'roN nv ('ah 
Floury,* 



I'UKTTI!!) TlVDIl'K 



of Uofltoii, mixes pure 
reHiii, petnilomii, or «inie 



Mr. A. L. 

IBUiiiiitiu witli 
Biii'h HiibntiiiK-o, niukliig it liitii a utifF puute whidi 
nrny be diviilod into pulIetH and dried in ati oven. 
They ave then phicud in a Htroiig retort or tuiio 
iuh is lined witli n muting of {ilunilmgo. In 
thiH thi'y are exposed to a chorry-red heat. Tho 
Viitmt ninnt be miflicienlly Ktrmig to ntand iLpreHH- 
ui'c of from 2-i to 'M) poinids per ttrpiafe inch, nnil 
bo BO arranged tliiit by nieaiin of a Hnfety valve the 
iiecesHnry amount of »ome tiydro-carboii may be 
introduced into tlio retort among the lioat oil mix- 
ture, iind a ^ireMmre of '20 to HO pounds tiiiint be 
inaintuinod, Tlie gax \h forced in by u force )>ump> 
By th!« proeess the Al't.)* is rt-dneed, whilu 
metal R'miiinH an a "pongy muHs mixed with 
bon. TliiB mixtiM'e is ru-meltud witli metall 
^m zinc, and when the latter baH eollecled the atumi 
^H ium, it iM driven ott' by lieut. Tbu hydrucarl 
^H gofl under preHsuru ia tlie rudneitig ugcnt, 
^H time required for redneing lUO pounds of aluml 
^B^eartb, cryolite, or other (.-ompuund of iiluminiui 



i 



• Chfiiilc.il Hay 



>, IHOU, |>. U33. 



REDUCTION BT OTHER AGENTS THAN SODIUM. 183 

should not be more than four hours. When the 
, gas can be applied in a previously heated condition 
as well as being strongly compressed, the reduction 
takes place in a still shorter j)erio(l. 

Nothing is now heard of this process, and it has 
been presumably a failure. It is said that scvenil 
thousand dollars were expended by Mr. Fleury 
and his associates without making a pnictical 
success of it. We should be glad to hear in the 
future that their sacrifices have not been in vain, 
and that the process still has possibilities in it 
which will some time be realized. 

Petitjean* makes aluminium sulphide, ARS*, by 
one of Fremy's method8,f or makes a double sul- 
phide of aluminium with potassium or sodium by 
mixing alumina with a little tar or turpentine in 
a carbon lined crucible, heating strongly, and then 
mixing with a powder composed of Na-CO', or 
K*CO', and sulphur; again heating a long time at 
bright redness. The sulphide or double sulphide 
thus made is put in a crucible or retort through 
the bottom of which can be led a fitream of carbu- 
retted hydrogen, which separates the aluminium 
from its combination with the sulphur. Alumin- 
iumj can also be reduced from Al^S* by mixing it 
with iron filings or a pulverized metal having 

* Kerl and Stobman, Poly. Central Blatt. 1858, 888. 
t See Appendix. 
t See Appendix. 
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similar qualitioa, and melting the mixture, A 
metnlHc mixture may be used insteiid of carbu- 
retted hydi-ogen in the above operation. 



REUfCTioN BY Double Reaction. 

M. Comenge * of Paris, obtains iiluminium from 
its sulpbide eitber by beating it in an atmosphere 
of hydrogen, or by beating it with Al'O' or 
A1'(S0*/ in such proportions that sulphur dioxide, 
SO*, and aluminium may be the sole products ; or 
the sulphide may be decomposed by iron, copper, 
or zinc. The reactions involved would be — 

Al'S" + 3H-H= 2 A I + SH'S. 

A1»S»+2A1'0'=6A1 + 3S0'. 

Al'S' + AI^SO V- 4 Al + 6S0«. 

A'lS» + 3(Fe.Cu.Zn.)-2Al + 3(Fe.Cu.Zn.>g. 
Johnaonf patented the following process: Alu- 
minium sulphide is mixed with quite dry A1*(S0')' 
in such proportions that the sulphur and oxygen 
present may evolve as SO*. The mixture is heated 
to redness in an unoxidizing atmosphere, when 
SO' evolves and the metal remains. The reaction 
is furthered by agitation. The aluminium in the 
resulting mass can be treated in tbe way commonly 
used in puddling spongy iron, and then either 
pressed or hammered together. Or, tlie aluminiuiu 

• Eng. Pat. 1858, No. 4B1. 

t Kerl and Stoliman's Handbucli. 
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Bulphide may be heated to redness in an unoxidiz- 
iug atmosphere and dry hydrogen or water gas 
conducted over it, and the metal separated from 
the resulting mass by dressing. 

Mr. Niewerth's* process may be operated in his 
newly invented furnace, but it may also be carried 
on in a crucible or another form of funiace. The 
furnace alluded to consists of three shaft furnaces, 
the outer ones well closed on top by iron covers, 
and connected beneath by tubes with the bottom 
of the middle one: the tubes being provided with 
closing valves. These side shafts are simply water- 
gas furnaces, delivering hot water-gas to the 
central shaft, and by working the two alternately 
supplying it with a continuous blast. The two pro- 
ducers are first blown very hot by running a blast 
of air through them with their tops oi>en, then the 
cover of one is closed, the blast shut off, steam 
turned on just under the cover, and water gas 
immediately passes from the tube at the bottom of 
the furnace into the central shaft. The middle 
shaft has meanwhile been filled with these three 
mixtures in their proper order: — 

First. A mixture of sodium carbonate, carbon, 
sulphur, and alumina. 

Second. Aluminium sulphate. 

Third. A flux, preferably a mixture of NaCl and 
KCl. 

♦ Sci. Am. Suppl., Nov. 17, 1885. 

1()* 
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Tliia central shaft miiHt be nli-pady etpong^^ 
heftted to coniiiieii<.'C the ojieratioti, it is host to til! 
it with coke beibre c'l)argiiig, and as Boori as that 
is hot to imt the charges in on tho coke. Coke 
may also bo tiiixed with the charj^oa, but it U not 
iiRcessary. The proceiw then continues as t'oIlowB: 
The water-gas enterfl tlio Ixittom of the shaft at u 
VPry liigli teniperatnrc. Those highly heated 
jfnses, carbonic oxide and hydrogen, act npon tho 
ehargcB so tliat the tirst broaks nji into a conibina- 
lion of sodiaiD eiilphide and ahnniniiiin Hulphiilc, 
from wliich, by nicuiis of the scuond charge of 
Al"(BO*)*, free iiluniininni is rediuiud. As the lultcr 
pnBsea down tho shaft, it is mt'lti'd and tho flux 
aasiBts in collecting it, but iH not abBolntely neco«- 
sary. Instead of pHxlifcing this double Hulphlde, 
pure alnniinium sulphide might be used for thu 
tirst charge, or a mixture which would generate 
A1*.S'; or, again, pnro NiiM, K'S, CuS, or any 
other metallic sulphide which will produce the 
eflect alone, in which case aluminium 19 obtained 
alloyed with the metal of the Hulphiile. Instead 
of the first charge a mixture of iiluniina, sulphur, 
and carbon might be iiitrotluced. Or, the AI'(SO^J* 
of the Bocond charge might be rcjilacid by aliimina» 
80, one charge may be Na'ri, K'S, or any otliStf 
mctaltie sulphide, and the socund cbiirgu inaj^^H 
either AKJ»or A1«(S0'J» ^M 
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Reduction by Carbon and Carbon Dioxide. 

J. Morris* of TJddington claims to obtain alumin- 
ium by treating an intimate mixture of alumina 
and charcoal with carbon dioxide. For this pur- 
pose, a solution of Al'Cl* is mixed with i>ow(lere<l 
wood-charcoal or lampblack, then evaponited till 
it forms a viscous mass whicli is shaped into balls. 
During the evaporation hydrochloric acid is given 
off. The residue consists of alumina intimately 
mixed with carbon. The balls are dried, then 
treated with steam in appropriate vessels for the 
purpose of driving off all the chlorine, care being 
taken to keep the temperature so high that the 
Bteam is not condensed. The temperature is then 
raised so that the lubes are at a low red heat, and drv 
carbondioxide,CO',i8 then passed through. This CO* 
is said to be reduced by the carbon to carbonic; oxide, 
CO, which no*v, as affirmed by Mr. Morris, reduces 
the alumina. Although the quantity of carbonic 
oxide escaping is in general a good indication of the 
progress of the reduction, it is, nevertheless, not 
advisable to continue heating the tubes or vessels 
nntil the evolution of this gas has ceased, as in con- 
sequence of slight differences in the consistency of 
the balls some of them give up all their carbon 
sooner than others. The treatment with carbon 

* Dingier, 1883, vol. 259, p. 80. German Pat. No. 22150, 
^«g. 30, 1883. 



dioxide It 

Rlv. iiiixeil in tlm propdrtioii of live (inrU uarbm 
to four fuirtH iiliiiuimi. Morrim atat«H furtlior 
tlie metal aiipearn an a poroiiH wpoiigy maun, and 
freed from tlio rcBidnnI iiliimina iind partideti 

* charcoal eitlior by Mmcltiiig it, teylmii-'ully " bm 
tng it nut," witli I'l-yolito w ii tliix (ir by inoohani 
eat treatiJK 
fill 
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About tin' fipKt atteiii|it of thin iiatiiru \ 
fliid ro(!ord of '\« the following article by M. Chi 
pello;— • 

" Wlicii I lieard of the cx)>crimtfrit8 of Devillfl 
I desired to repeat tbciii, but liaving iieitber aid 
minium diloiide nor sodium to umo, I operated i 
follows : I put iiaturul elay, pulvuriicud and iiiixM 
with ground NaOl imd cbaivoal, Into an ordii; 
earthen ornt^iblo and ht-iiled it In a reverberatorjg 
furnuee, witli coke for fuel. I was not able to g 
a while heat. After cooling, the crucible w 
broken, and gave a dry pnlverulent scoria in whid 
were diBMominated a conHidurablu quantity of Hmud 
globuIcH about onc-half a nilllimeire in diameterS 
and at) white as Hilver. They were malleable, ioi 
Holublc ia nitric or cold hydrochloric acids, but | 
60'^ dlHHolvcd mpidly in the latter with ovolutioi 
of hydrogun ; the ttolntioii wim colorleas and gav4 

• O'impL Iti'iuliiH, IN.'i^, vnl. xxxvlll. p. SOS. 
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with ammoDia a gelatinous precipitate of hyd rated 
alumina. My numerous occupations do not permit 
me to assure myself of the purity of the metal. 
Moreover, the experiment was made under condi- 
tions which leave much to be desired, but my in- 
tention is to continue my experiments and especially 
to operate at a higher temperature. In addressing 
this note to the Academy I but desire to call the 
attention of chemists to a process which is very 
simple and susceptible of being improved. I hope 
before many days to be able to exhibit larger glob- 
ules than those which my first experiment fur- 
nished." 

M. Chapelle never did address any further com- 
munications to the Academy on this subject, and 
we must presume that further experiments did not 
confirm these first ones. 

G. W. Reinar* states that the pyrophorous mass 
which results from igniting potash or soda alum 
with carbon, contains a carboniferous alloy of alu- 
minium with potassium or sodium, from which the 
alkaline metal can be removed by weak nitric acid. 

CowLES Bros.' Process. 

This process, which reduces alumina by carbon 
in the presence of another metal to take up the 
aluminium, using the electric furnace, is the nov- 

* Wagner's Jabresb. 1859, p. 4. 
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elty which ia attracting widesprearl attention to the*'' 
metallurgy of aliiraiiiiiim. Its history has already 
been sketched, and will be still further developed 
in the following pages. It properly comes nnder 
the heading of " Reduction by Carbon." 

"Early in the present century, Sir II. Davy, 
Berzelius, and Oerstedt, all famous chemUta, at- 
tempted unauccesafully to reduce alumina by elec- 
tricity. Likewise, many learned acientists have 
striven to decompose it by carbon, as other metals 
are smelted from their ores, but without success, 
and the opinion has become profound and wide- 
spread among chemists that alumina could not be 
reduced by carbon and heat. But this is exactly 
what the Cowles process accomplishes, and by its 
means the Cowles Electric Smelting and Alumin- 
ium Company is enabled to supply the alloys of 
aluminium with other metals at one-quarter to one- 
tbird their former price. As to the details of the 
process, we refer to the papers of Professor Hunt 
and the one read by Mr. Mabery."* 

The following is the patent claim of Messrs. 
Cowles: U. S. Pat. 324,658 and 324,659, August 
18, 1885. Electric smelting of aluminium. To 
Cowles Bros., Cleveland, Ohio. Claim : Reducing 
the aluminium compound in company with a metal 
ill a furLiace heated by electricity in presence of 

* Cowlea Bros,' PamplileC. 
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carbon. The nlloy of aluminium and the metal 
formed is treated to separate the aliimiiiiiiin. 

Tlie following [laper is the lirst ofliuiul and sci- 
entific account of Cowies Bros.' process, and was 
read before the American Association for the Ad- 
vancement of Science by Professor Charles F, Ma- 
bery of tbe Case School of Applied Science, Cleve- 
land.* 

" The application of electricity to metallurgical 
processes has hitherto been confined to the reduc- 
tion of metals from solution, while few attempts 
have been made to effect dry reductions hy means 
of an electric current. Some time since Eugene 11. 
Cowies and Alfred H. Cowies, of Cleveland, con- 
ceived the idea of obtaining a continuous high 
temperature on an extended scale by introducing 
into the path of an electrics current some material 
that would afl'ord the requisite resistance, thereby 
producing a corresponding increase in the tempera- 
ture. After numerous experiments, coarsely pul- 
verized carbon was selected as the best means for 
maintaiuing an invariable resistance, and at the 
same time as the most available substance for the 
reduction of oxides. When this material mixed 
with the oxide to be retluced was made a part of 
the electric circuit, enclosed in a ftre-elay retort, 
and subjected to the action of a current from a 
powerful dynamo, not only was the oxide reduced. 



' Anu Arbor Meeting, August 28, 11 
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but tlie temperature tiicreumtd to Hiicli an exteti 
tbiit the wliolo interior of the retort fiiaod cott 
pletely. In other experiments liimpH of lira 

11(1, and corundum wore tuned, with a rediictioi 
of tlie correajiondiiiK metal ; on cooling, the lini 
fcrnied large, well-detinod crystals, the corundin 
ititiful red-green and blue octuliednil crystak 
S'ollowing lip thcHe rcHuItB with tliu iisnitntanco fl 

'rof. Mabery, wlio became interested at this sta^ 
4t was Booii found that the intense heat thua prt 
duced could he utilizod for the reduction of oxiA 
in large (jiiantities, and experiments were nd 

-iod on a large xcnle with the current fmm a fifi^ 
horse-power dynamo. For the protection of 1 
Walls of the furnace, which were of iire-Ijrick,fl 
mixture of ore and marecly pulverized gas carba 
was made a central core, and was surroundeil o 
the side and bottom byline charcoal, the currei 
following the lesser resiBtnncc of the core froi 
carbon electrodes inserted in the ends of the fill 
Boco in contact with the core. The funiace w| 
charged by first filling it with charcoal, makingii 
trough in the centre, and filling this with the o 
tuixture, the whole being covered with a layer a 
coarse charcoal. The furnace wan closed on t 
with fire-brick slabs containing two or three hoi 
for the escape of the gaseous products of the redo 
tion, and tlie whole fiirniice was made air tight ll 
luting with flro clay. Within a few minutes afM 
ilynaiiio, a stream of carbonic oxid 
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iaaned through the openings, huniiiig iieiiiilly with 
aflame cijjhteen Inchea Iiigli. The time tx«iuirt'J 
for complete refluctioii wiis oriliiiarily about nn 
hour. Experience has alroatly sliown that iilii- 
miaium, silicon, boron, mangatieeo, HOtlinin, and 
potftssiimi can be reduced from their oxides with 
me. In fact, there is no oxide thntcnii withstand 
the temperature attainable in this furnace. Cbar- 
oottl is changed to graphite; does this indicate 
fnsion? As to what can he occonipliBhed by con- 
Terting enomioiia electrical energy into heat wilbin 
narrow limits it can only be said that it ojicns the 
way into an extensive field of pure and applied 
chemistry. It is not difficult to conceive of 
temperature limltctl only by the power of cai-bon 
to resist fusion. 

"Since the motive power is the chief expense in 
uoomplishing redut^tions by this method, its 
KHnmercial success is closely coinicflfil witli ob- 
tuuing power chesiply. Realizing the inipuiriiiRc 
of this point, Messrs. Cowles have purchasetl at 
Loekport, N". Y., a wat«r-power where they can 
utilize 1200 horse-power. An important feature 
in the use of these furnftccs from a commercial 
itandpoiut is the slight technical skill re<iuired in 
Bieir manipulation, The four furnaces operated 
n the experimental laboratory at Cleveland are in 
charge of two young men, who six months ago 
knew absolutely nothing of electricity. The pro- 
ducts at pitseut muuufuctured aiij the various 
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grades of aluminium bronze, made from a ricli 
furnace ])roduct obtained by adding copper tx> the 
cliarge of ore. Aluminium silver is also made; 
and a boron bronze may be prepared by the re- 
duction of boracic acid in contact with copper, 
while silicon bronze is made by reducing silica in 
contact with copper. As commercial results may 
be mentioned the production in the experimental 
laboratory, which averages 60 pounds of 10 per 
cent, aluminium bronze daily, which can be sup- 
plied to the trade in large quantities on the basis 
of $5 per pound for the aluminium contained, the 
lowest market quotation of aluminium being now 
$15 per pound." 

])r. T. Sterry Hunt has written and read several 
papers on this furnace and process, and we extract 
from them anything not mentioned in Prof. Ma- 
bcry's pajKM*. 

The following paper was read before the Am, 
Ins. of Mining Kngineers by Dr. T. Sterry Hunt, 
of Montreal : — ^ 

"The ai)])lication of electricity in the extraction 
of metals has hitherto been chiefly confined to the 
electrolysis of dissolved or fused compounds by 
various inetliods. The power of electric currents 
to g(aHM*at(^ intense heat in their passage through 
a resisting Tn(Mliuni has long been known, and the 
late Sir Wni. Siemens thereby succeeded in melting 

* Halifax Meeting, 8cpt. 10, 1885. 
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considerable quantities of steel. Mcssiv. Cowlos took 
a new step in the metallurgic art by making the 
heat thus pro(luce<l a means of reducing, in presencre 
of carbon, the oxides not only of the alkali metals, 
but of calcium, magncHium, manganosi', ahnninium, 
silicon, and boron, with an ease which iMM'mits the 
production of these elementa and their alloys witli 
copper and other metals on a commercial scale. 

"If alumina, in the form of granular corundum, 
is mixed with the carbon in the electric jtath, 
aluminium is rapidly lilKjrated, being in part car- 
ried off with the escaping gas and in part con- 
densed in the upperlayer of charcoal. In this way 
are obtained considerable masses ot* nearly pure 
aluminium, and others of a crystalline compound 
of the metal with carbon. When, how(^vcr, some 
granular copper is placed with tlie corundun), an 
alloy of aluminium and copper is obtained, which 
is probably formed in the overlying stratum, but 
at the close of the operation is found in fused 
masses below. In this way there is obtained, after 
the current has passed an hour and a half through 
the furnace, four or five pounds of an alloy con- 
taining 15 to 20 per cent, of aluminium and free 
from iron. On substituting this alloy for the 
copper in a second operation, an alloy with over 
30 per cent, aluminium is obtained. The diffi- 
culties in the way of gathering together the reduced 
metal without the aid of copper promise to be 
overcome at an early day, so that we may cxpe(*t 



loap product toil of biicJi nlloys ami of the i>iire 
mutal. Tho proaoiit jiluiit nt CluvuUiid in but mi 
iix[Hiriiiioiitiil otRi, mill Iiuh boon in opcmtioii only 
A t'ow nioiithi*. Tlio company will noon put in 
operation at Lookport a 125 horne-powor dynarao^ 
and nine more of equal power will be ndderl, pM*- 
niitliiig tlio eatHbllshinent of the electric funiaek 
on a large scale." 

Pajior read before tlie National Academy iH- 
Science by I>r. JIuiit; — * 

"Dr. Hunt sbowed boric nlloyn of aluniinium 
witii carbon and Hilicon, aiid a i>t>ciiliiir alloy b^ 
licvctl to I'OiiHixt entirely of uhiniiniiim and nitrc^i 
gen. Ah yet, the pure metal haw only iiuott' 
prodn<«d direct fi-om the furnace in fniall IiimiiAtj 
lint it may be obtained by inciting (in albiy 
aliiniiiiinni and tin witli lead, wlieii the latter 
tiikcH nptlie tin and scjiaratoH from the tihimiuium^. 
Binding beneath it. Ur, wc get aluniiidiim by buUb^ 
liming either its alloy with carbon or with cop)w^, 
when the pnre alnminiiim in carricil over. Th6' 
nmxinuiin anioiiiiL of ahiniiniuin which copper ci^ 
tfderatu in 10 \\vr Li-nt., nntil^ we approach tb* 
otiier end of tlie Bcnie, when iilloya with 70 to 89 
percent, of ttiunjininni,or nioro,givo valuable worlm 
able alloys. In the early ox|>i'riinent8 with th» 
Oowlea furnace, an engine of 80 horse-riower nn)nii)|[ 
a dynamo yielded a daily output of 60 poundn ot 
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10 per cent, alumiuiam bronze. Brush has now 
constructed an engine running 900 revolutions per 
minute, which for every 35 horse-power developed 
reduces one pound of the alloy per hour. The 
expense of working is now covered by one-half 
cent per horse-power per hour; thus the cost of 
the alloy is about 17 cents per pound. Within the 
past week, the gases given oft* by the furnace have 
been analyzed. In the first part of the pnx*ess it 
is found that a lar^ce amount of nitrosren is eiveii 
oft*, showing that air leaks into the furnace. After 
an hour and a half this gas is much dinniiished. 
The Cowles at first used moist carbon for packing, 
bnt have now overcome the necessity of dampen- 
ing it, thereby saving the waste of heat in driving 
out the water." 

The latest and most complete description of the 
process is a paper read by Mr. W. P. Thompson 
before the Liverpool Section of the Society of 
Chemical Industry.* Mr. Thompson has been 
Cowles Bros.' agent in taking out their patents in 
J]ngland. The paper is as follows : — 

"That this invention is a new departure will be 
acknowledged by every one when they learn that 
chromium, titanium, silicon, aluminium, calcium, 
and the other alkaline earth metals are obtained 
by direct reduction of their oxides by carbon — till 

* Jrnl. of the Soc. of Chem. Industry, April 39, 1886. 

17* 



V year ago almost univeraally considered i 
[ lical imptiBsibility. 

"Conduction of tlie current of the Itir^e dynamo 
to the funiat'e niid back is accomplished by a com- 
plete metallic circuit, except where it is bi-okeu by 
the iiiterpi>8ition of the eai-bon electmdes arid tlie 
mass of pulverized carbon iti which the rcdiietioti 
' takes place. The ciixjuit is of 13 copper wires, 
each O.'S inch in diameter. There is likewise in 
Hie circuit an anijifero motor, or ammeter, through 
whose helix the whole current flows, indicating 
I the total strength of the current l)eing used. This 
■ ]s an important element in the management of the 
furnace, for, by tliii position of the finger on the 
I dial, the furnace attendant can tell to a nicety 
' wliat is being done by the curi-ent in the furnace. 
Iletweon the ammeter and the furnace is a rcaiat- 
Htice coil of (German sllvor kept in water, throwing 
more or less i-osistance into tlie circuit as dciirud. 
This is a safety appliaia-e nseil in changing the 
cnrrent from one furnace to another, or to clioke 
oif the current before breaking it by a switch. 

"The i'urntico (see Figs. 12, 13, 14) ia simply a 
rectangular Ikix, A, one foot wide, live feet long 
I inside, and tiftoen inches deep, made of tirobrick. 
I From the opposite ends througli the (lipes HJi the 
I two electrodes CO pans, Tlie electrodes are im- 
I nienao electric-light carhons three inches in diam- 
Letcr and thirty inches long. If larger eleetrodce 
biX! re<iuired, a Kcnc^ this size nnist liu nscd 
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iiicaridesuent liave fiiilod. The ends of the earboDl 
are place<l witliiii a fow inches of each other in the 
inuldle of the furnace, and the reaiBtance coil and 
ammeter are plat-ed in the circuit. The ammeter 
registera 50 to 2000 amp&ros. Those conTiectionq 
made, the furnace ia ready for charging. 

"The walls of the furnace must fii-st bo proj 
tccted, or the intense huat would melt tlic iirt 
briclc. The question arose, what would be tha 
best substance to line thewalla? Finely powdered 
charcoal is a poor conductor of electricity, is coi 
sidered infusible and the best non-couduetor < 
heat of all aolids. From these properties it wou] 
eeeiu the best material. As long an air is excludai 
it will not burn. But it is found that atta 
using pure charcoal a few times it becomes va]u( 
less ; it retains its woody structure, a* ia shown ii 
larger pieces, but is changed to gmphite, a good 
conductor of electricity, and theroby torids to 
dift'uBO the current through the lining, heating it 
and the walls. The iine charcoal is thorotom, 
washed in a solution of lime-wator, and aftor <Ii 
ing, each particle is insnlated by a tine c-oating 
lime. The bottom of the furnnco is now tilh 
with this lining about two or three inches deep. 
A sheet^irou gauge is then placed along the sides 
of the elcctrode.>i, leaving aiiouttwo inches between 
tlicni and the side walls, in which space more of 
the charcoal is placed. The charge i?, conaisting 
of about 25 iinundt* of alumina, in its native form M 
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coninduin, 12 poiimlB of ('liart.'oal and carbon, and 
60 poandu of granulate<.t copper, is now placed 
within the gauge and spread amiind the electrodes 
to withiu a foot of each eml of the fumaoe. In 
place of granulated copper, a seriefl of short copper 
wires or hars can be placed parallel to each other 
aod transverse to the furnace, among the alumina 
and carbon, it being found thiit where grains are 
used they sometimes fuse together in such a way 
as to short-circuit the current. After this, a be<l 
of charcoal, F, the granules of which vary in size 
from a chostuut to a hickory, is spread over all, 
and the gauge drawn out. This coarse bed of 
charcoal above the charge allows free escfljic of the 
carbonic oxide generated in the reduction- The 
charge being in place, an iron top, G, lined with 
fire-brick, is placed <ivcr the whole furnace and 
the crevices luted to prevent access of air. The 
brick of the walls insulate the cover from the 
ciirreat. 

"Now that the furnace is charged and the cover 
luted down, it is started. The ends of the electrodes 
were in the beginning placed close together, ne 
shown in the longitudiiutl section, and for this 
cause the internal resistance of the furnace may be 
too low for the dynamo, and cause a short circuit. 
The operator, therefore, puts sufficient resistance 
into the circuit, and by watching the ammeter and 
now and tbeu moving oneoftheelectrodesout a trifle, 
he can prevent undue short circuiting in the begin- 
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piiig of the opci'ution. In iihout ten miiiutem, thfe 

Bp[ier between tlio clectroiJps Iioh been melted aait 

i lutter ai-e moveil far enough apart %n tiiat ihi 

nrrent becomoH steady. The current is now ttt 

iiHcd till Mini) umj>^rea itro going throiigl^ 

Sriven by 60 voUh. Carboriii: oxide bae alrcodfl 

"commenced to escape thi-oni^h tlio twooriticestg 

tlte top, wbei-e it burns with ii wbitc flimie. Bji 

Blight movcnientB outwurdM of tbu electrodes durinj 

tilt' (^oiiiiri^ five Iioun*, tbe iiitiimal reHlKtuiice ii 

lli(.> riinrnve ia kojit eonHtant, and at tbe aanio timi 

all \hi'- dilt'criint [iiirts of the charge are brought i% 

turn into tho zone of ruduotion. At the clone 0) 

tlie run the olectrodcB are in the iH)sitioii iiliown U 

the plan, the furnace in shut down by placing I 

resislAnce in the circuit and then the current Ii 

switched into another funiaee charged in a similM 

manner. It in found that the pradnct is larger U 

tlio carbons are inellni'd at angles of 80° to tlM| 

horizontal plane. I 

" This regulating of the furnace by hund is ratbfll 

eoxtly and unsatisfactory. Sovoral oxperimeutl 

have therefore been tried to make it self-regulating) 

and on .lanuiiry 28, 188(t, a British patent woi 

applied for by (Jowlen Bros., covering an arrangM 

nient for operating the electrodes by means of 4 

shunt circuit, electro-magnet, and vibrating armib 

Ik ture. Moi-eover, if tbe electrodes were drawn baulf 

Bjflmd exposed to the air in their highly heated Htat« 

^Hlcy would be rapidly wasted uwiiy. To obviatfl 
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this, Messrs. Cowlos place wiiat may Iw called a 
Btufiiiig box aroiiiiil tliE'in, consiBting of a copper 
box lilted with copper shot. The wires are iittaclitnl 
to the boxes instend of the eleotro<les. The hot 
electrodes as they emerge from the furnace first 
encounter the shot, which rapidly carry ofl' the 
heat, and by the time they emerge from the box 
they are too cool to be oxidize<l by contact with 
the air. 

"Ninety horso-power Jmve been punipod into 
the furnace for tive hoiiFA. At tlio beginning of 
Uie operation the copper first melted in tho centre 
of the furnace. There was no escape for the heat 
L'ontinualJy generated, and the temperature in- 
creased nntil the refractory corundum melted, and 
being surrounded on all sides by carbon gave up its 
oxygen. This oxygen, uniting with the carbon to 
form carbonic oxide, has genemted heat which 
certainly aids in the process. The eopj»er has had 
nothing to do with the reaction, as it will take 
pkce in its absence. Whether the reaction is due 
to the intenee heat or to electric action it is difficult 
tn say. If it be electric, it ia Moasif. Cowles's im- 
preeeion that we have here a ca-^e where electrolysis 
can be accorapUslied by an alternating current, 
although it haa not been tried as yet. Were the 
copper absent, the aluminium set free would now 
absorb carbon and become a yellow, crystalline 
ciirbide of aluminium ; but, instead of that, the 
1-ojtjM.^r hat? become a boilinjr, seething mass, and 
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bubblinjfR of its vnjmi'fi may <li«itii)c 
Tho vft]»orn pmbably rise an inch or two, condei 
aiul fiill biKik, carrying with them the freed alura 
iuiii. Tliia continues til] the current i% taken < 
the furiinco, when wo huve tho copper oharp 
with 16 to 80 pur ct^nt,, and in nomo easoH as h 
an 40 pur cent, of its weight of aluminium, an 
little silicon. After cooHtiit tho furniictj tins i 
alloy ia removed. A vnlinihle property of the fi 
chiireoal in that the metal doc>N not Hpreml and f 
through its interstieOH, hut renmiim an a liqnid t 
aurrounded bolow and on the mdea by fine chaixiot 
which BiislairiH it jtiat as finnr or other fintj dust 
will HUHtiiindropHol' water for conniderablo poriodH, 
without allowing thcni to sink in. The alloy it 
white and brittle. TIuh metui is then melted i 
an ortlinary crncihlc furnace, poured into lar| 
I ingots, the uiaount of aluminium in It deturmim 
|''byunn]yais,againmeltod,und the reijuinitfi amounts 
Veopper ad<led to make the bronze desired. 

"Two ruiiH produce in ten hours' average woil 

100 pounds of white metal, from which it i 

niate<l that Oowles liros., at Loekport, are produotiM 

I alnniinium in itnalloysatacostof aboutforty e 

I per pound. The Cowles Oo. will nhortly have 12* 

Fhorso-iKiwer furuuecH. With a larger furnace tliai 

bl no reason why it uhould not bo made to run c 

tinuoutdy like tho ordinary blast furnace. 

"In place of the copjier any non-volatile ra«l4 
may be used as a conduuser to uiiilu with i 
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metal it may be desired to reduce, provided, of 
course, that the two metals are of such a nature 
that they will unite at this high temperature. In 
this way aluminium may be alloyed with iron, 
nickel-silver, tin, or cobalt. Messrs. Cowles have 
made alloys containing 50 Al and 50 Fe, 30 Al, 
and 70 Cu, 25 Al and 75 Ni. Silicon or boron 
or other rare metals may be combined in the same 
way, or tertiary alloys may be produced; as, for 
instance, where tire clay is reduced in presence of 
copper we obtain an alloy of aluminium, silicon, 
fend copper. This alloy is white and brittle if it 
contains over ten per cent, of aluminium and sili- 
con together. With from two to six per cent, of 
these two, in equal proportions, the alloy is stronger 
than gun-metal, has great toughness, does not 
oxidize when heated in the air, and has a tine gold 
color. I hear to-day that an aluminium-silixion 
bronze wire made by Cowles has shown a tensile 
strength of 200,000 pounds, hitherto unprecedented 
in any metal. 

" As to the ores of aluminium. For Mitis cats- 
ings, where iron and silicon are not prejudicial, 
beauxite or various clays may be used to advantage. 
For bronze making, alumina containing silica in 
considerable quantities is as available as the pure 
earth and is indeed superior to it." To manufacture 
pure aluminium, pure alumina is necessary. 
Cowles Bros, use corundum obtained from Northern 
Georgia. (See p. 49.) 

18 
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Tliii stateniprit, lias liomi niiuie* tlmt. iiliiiiiinium 
BUljihido, Al'S', U to be (ibtiiitioil from jiowikiwi 
cryolite by treating it witli wnter, wliich dissolvci 
out Bodiuin fluoride, NiiF, mid the rouidual AI'F* 
bi'iiig calcined witli Riilpliide of limo, CaS, tliore 
resiiltB Al'S" and CiiF*. The A]*S» ia then docom- 
jiosod by bt'ating to rediicBs with iron tuniitigs. 

According to a patent givon to F, Laiitcrborn,'^ 
Germany, Aug. 14, 1880, if pulverized cryolite li 
boiled with water, KaF is sot free and Al*Bl 
rcnmins. Likewise, culeinm fluoride, CaF*, boiloj 
with Al'Cl* gives CaCI'nnd AI'F'. The aliiminiua 
fluoride by heating with sulphide of lime will b« " 

mverted into A1*S>. Finally, the A1»S», by heat> 
log red hot with iron gives, it is claimed, metallio 
Juminium. 

The above are all the dctailw of this prooeee to 
l%e found. See in the Appendix an oxperiiiiunt on 
thUB decomposing cryolite. 

II. Niewerth:j: has patented the following pro- 
cobh: "Ferro-Bilicum is mixed with Al'F' in proper 
proportions and the mixture submitted to a suit- 
able red or melting heat by which the charge i» 
decomposed into volatile silicon fluoride, SiF*, iroi^ 
and nlttiiiiniuni, the two latter forming an alloy^ J 



L 



■ Chomloa! News, 1880. 

t Dingier, 34a, |i, 70, 

t 8ci. Am. Buiipl. Nov. 17, I8B3. 
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In order to obtain the valuable allov of aluniiniuni 
and copper from this iron-aluminium alloy, the 
latter is melted with metallic copper, which will 
then by reason of greater affinity unite with the 
aluminium, while the iron will retain but an 
insignificant amount of it. On cooling the bath, 
the bronze and iron sepanite in such a manner that 
they can readily be kept apart. In place of pure 
APF*, cryolite may advantageously l)e employed, 
or A1*C1* may also be used, in which case silicon 
chloride volatilizes instead of the fluoride. Or, 
ngain, pure silicon may be useii with Al'F*, cryo- 
lite, or Al'Cl*, in which case pure aluminium is 
obtained." 

Pi'cparation of Alumiminn and Sodium ini the 

Besseiaei* Converter. 

According to the experiments of Mr. W. P. 
Thompson,* sodium and alumniium may bo advan- 
tageously prepared by means of a IJcrtsomer con- 
verter. The same process it seems should serve 
equally well for the preparation of the other 
diflicultly reducible metals, such as calcium, stron- 
tium, barium, magnesium, etc. 

Mr. W. P. Thompsonf has taken out a patent in 
England^ for the manufacture of aluminium and 
similar metals, which is carried out as follows: 
The inventor employs as a I'educing agent iron, 

* BuU. de la Soc. Chcm. de Paris, 1880, xxiv. 128. 
t Idem. p. 719. % Mar. 27, 1870. No. 2101. 
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r aloiit- or coiijoititly with carbon or liydrogefi. 
I The ojreration in olibcteil in an niipanitiiH similar to 
■jl Bosaemer coiivertor, itivided into two conipart<- 
rmoiits. In ouQ of tliesQ compnrtrnonts ia placed 
I molted iron, or an alloy of iron, which ia made to 
[ run into tho second by turning the convortai. 
I Thia last compartment has two tiiyerea, one i 
].whieli Hcrvos to introduce hydrogen, while by t' 
Other is introduce<l either AI»CI', A1*K*, A1*CQ| 
2Na(Jl, or AI^F'.fiNiiF, in liquid or gaaeous stat 
In presence of the hydrageii the iron taken 
oblorine or lluoriiie, chloride or fluoride of imii-^ 
I diHcngag<;d, and nluminium mixed with oarlx 
[ tvmaiiiM na ii rcutdno. Then thii« mixture of iroq 
Lflliimininni, and carbon ia returned to the 
leompartnient where the carbon i« burnt oi 
T.nicana of a current of air. The maas being 
I returned to the chamber of reduction, the oporatioi 
I described ia repeated. When almost all the iron 
a been contrnmei], the reduction 'm terminated by 
\ hydrogen alone. There is thus obtained an alloy 
I of iran and aluminium. (The prepamtionof Hodium 
i not i-cfiniro the intervention of hydrogen. A 
niixtiiro of imn with an excess of carbon and 
caustic soda, NaOlI, m heated in the converter, 
when the sodium diatiln oft'.* When all the 
carbon bus been burnt, rlio iron remaining s 
rcBidue may bo converted into lieeecmer steel. 
iron forma an alloy with potassium, tbo methd 

• foniimri' wlili p. HI. 
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would scarcely serve for tlje iimdiictiou of that 
metal.) To obtain the pure Hliimiiiiiim, wKlium le 
firet prepared by the pi-ofess iiiilityiteil, the chlo- 
ride or fluoride of aluminitim \» introduced iuto 
the apparatus in the other chamber, when the 
metal ia redncetl hy the vapor of sodium. The 
chambers ought to be slightly inclined, and a» 
agitator favors the reaction. The inventor intends 
to apply his pHK'esa to the nmnufucture of miig- 
nesiiim, strontium, calcinm, and barium. 

Calvert and Johnson* made experiment* on the 
reduction of aluminium hy ii-on, and the pmdiK 
tion thereby of iron-aluniinium alloys. We give 
the report in their own words :- 

"We shall not describe nil the fniitleaa efforts 
we made, but confine ourselves only tg those which 
gave satisfactory results. The first alloy we ol>- 
tflined was hy licating to a white heat for two 
hoiicB the following mixture :— 



40 



8 equlTftlcnt* of kVCV . 
" iron filingB 



tOTO pnrla. 
1130 " 



"The lime was added to the mixture witli the 
vi(iw of removing the chlorine from the A1*CI', so 
na to liberate the metal and form fusible calcium 
chloride, CaCl*. Subtracting the lime from the 
niMJve proportion, we ought to have obtained au 
iillny having the composition of 1 Equiv.nleut AI 

• Pl.il. Mng., 185,5, X. 340. 



Equivalents of Fu, or with 9.09 per cout- 
Bhiniiinutii. 'I'lio alloy wh obtained contained \i^ 
j)or emit., wliicli hmU to th« tbnmila AIKl'*, Tli** 

» alloy, it will be noticed, haH an nnalogoiis com— 
^Hwition to tbci oiio we iiiiide of iron and [jota*— 
•inin, and like it was extrenioly tiard, and mated 
wl)cn cxjiosed to a dump utmoAphere. Still it 
conld bo foryod uml weltlud. We obtained n. 
niniilar alloy by adding to tlie ivbove mixture soitiOj 
very liTicly pulvenzod t-liai-coal and Bubjeutiiig it_ 
to u higb Iicnt in a fot'^c fiimn<H! for two hoars. 
This alloy gave oti tumlywis 1:2.09 per cent.* lint, in 
thcinasBof OnCI'anil rjarbon n-ninining in tbocriid- 
bio thoro waa a large amoiiut of globulea varying' 
ill Bizo (win a pill lieiid to a pL-a, a« whito as silver 
nnd extremely hard, which did not runt in the air 
or in hyponitrio fuinen. It» anulynis giivu 24.55 
per cent, ulnminiitni ; thu formula Al'iV would 
give 2ft per cent. Therefore this alloy has th« 
(tame conipoaition aH AI^C, iron ivplacing oxygen. 
Wo tiHiated theue globules with weak sulpliurui 
acid, wliieli removed the iron and left the ulumf 
iiitii, the globules retaining their form, and tl 
metal thus obtained had all the properties of tti< 
pnrc almnininin. 

"We have innde trials witli the following mix- 
tnre, but, ftlthongh tiiey liave yielded reaultH, still 
they arc not sufficiently sutisllictory to describe in 

" la the orlslnnl imiHT It is Kivon m 12. (lU jHir ccfll. Iron. 
The Inroronce Ib uiiiivnklatilo Hint iliU wns n ml»n'^i>ti l)Ul It 
I* not ciirrcctvd in llii- K.rruia lit iliu end uf ilii- vdIuuiu. 
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this paper, which is the first of a series we intend 
publishing on alloys. This mixtnre was : — 

Kaolin 1750 parts. 

NaCl 19C0 ♦» 

Fe 875 *♦ 

"From this we obtained a metallic mass and a 
few globules which we have not yet analyzed." 

Fremy: Alloys of aluminium and iron have 
Iweu prepared by Benzon by calcining a mixture 
of alumina, carbon, and iron or Fe'O'. (See p. 214.) 

Watts: E. L. Benzon* reduces aluminium by 
lieating alumina with the oxide of another metal, 
as of copper, iron, zinc, or a mixture of alumina 
with carbon and the other metal iu a free state, 
the materials being all finely divided and mixed 
in atomic proportions, or rather with the carbon 
slightly in excess. 

M. Evranl,t in order to make aluminium 
bronze, makes use of an aluminous pig iron. (It 
is not stated how this aluminous pig iron is made.) 
This is slowly heated to fusion, and copper is 
added to the melted mass. Aluminium, having 
more affinity for copper than for iron, abandons 
the latter and combines with the copper. After 
the entire mass has been well stirred, it is allowed 
to cool slowly so as to permit the bronze, which 
is heavier thafi iron, to find its way to the bottom 

* Eng. Pat., 1858, No. 3758. 

t Annalesilu Genie Civil, Mars, 1867, p. 189. 
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of the cniciblo. M. Evranl nrnkvct silicon Ironzd' 
in tlic nnnio way hy uitiiiji; itilict^oiiH iron. 

' Eiig. mill Milling Journal," May Ifl, 1886 : " The 
iron-alumlnitini alloy nned in the MitU prtHreNn, we 
arc inforniud by Mr, Ostbcrg, is made in Kwpdaa 
by tlin addition of t-hiyit in iron anioltin^, a putcntod 
prowBS prodncinj( alloya with 7 to 8 jier i;cnl. 
uluminium very chciiply. Mr. Ostliepj: iiddH that 
hfi piirchoHod a Rniail quantity of Oowlun IJron.' 
alloy, whicli gnvo rise t^ onr previonn mi([ualifiwl 
Ktateniont tliat he UKod Cowloa' alloyH," (Sc-e 
' Miti» CostingH,' I'art XL). 



RKiHinTros with Coi'pkii. 



Ciilvort and .TnhnHon* olitnin«il copfur alloyi 
with BJiiniiniuin liy ("oconnw to u liiiiniliir ctiomiotd 
, rtuuition to tlmt omphiyed to get thoir iron-alu- 
minium alloy. Theit' mixture was conipoHod ol 



I 



90 pquWalcnU or C'u .... dtO parti 
8 " " A1'C1« .... 1079 " 

10 " " CiiO , , . . 880 " 



] 



'' WdiiiixiMl (licrtOHuhwtnnroRintiniatnIy togot! 

and after having unhjtjclt^i ihoni tu a high heat 
I tino hour wo fonud at tlin hoi torn or the cruuihlo a 
I melted masHcovoml with (^nprounrliloridv, CuK-T, 

and in this miiMh Hninll gluliulw, which on aiialysh 

iioiilaiticd 8.47 pur cunt, alunilniiiui, e<irt'i>npondlng 

to ihu formula — 



I 



• riill. Miijt, IHfin, X. 349. 
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5 cqu'iYalcnts of Cu . . 100 . . 01.06 per cent. 
1 '' " Al . . 14 . . 8.04 »* 



174 100.00 

"We made another mixture of A1*C1* and copper 
in the sameproj>ortion8 as alK)ve, but left out the 
lime. We obtained an alloy in this case also, 
which contained 12.82 percent, aluminium, corres- 
|x)nding to the formula — 

8 equivalents of Cu . . 96 . . 87.27 per cent. 
1 " " Al . . 14 . . 13.7:J 



110 100.00 

Kerl and Stohman give the following account of 
Benzon's process: "Benzon* lias patented the 
reduction of aluminium with copper, forming an 
aluminium-copper alloy. He mixes copper, or 
oxidized copper, or cupric oxide, in the finest 
possible state, with fine, powdered, pure alumina 
and charcoal, prefembly animal charcoal. The 
alumina and copper or copper oxide are mixed in 
equivalent proportions, but an excess of charcoal 
is used. The mixture is put in a crucible such as 
is used for melting cast steel, which is lined inside 
with charcoal. The charge is covered with char- 
coal, and the crucible subjected first to a tempera- 
ture near the melting point of copper, until the 
alumina is reduced, and then the heat is raised 
high enough to melt down the alloy. In this way 
can be obtained a succession of alloys, whose hard- 

» Eng. Pat. 1858, No. 2753. 



tiesH and other qimliticH (U'pcml on tlie poi'oentfigC 
nf iiliiiirmiiitii ill tliom. In order to obtain alloy! 
ot'ucertuin t'oui position, it Ih bcit to prodiic-o tirii 
an alloy of tlie liiglioHt attiiinablo content of slw< 
niiiiiLini, to analyze it, and then melt it with thf 
roquirod quantity of cnppur. The same procM^ 
can be lined for the reduction of alnininu with iroi ~ 
or Fe'O*, only the oarboij must in this case be ii 
gi-eater excess, aiul a sti-onger heat kejit up longW 
must bo UHOtl than when producing the coppn 
iilumininiii alloy. In contact with Kc*0* tM 
iihiinina iu more easily reduced than with metullti 
imn." 

Kcrl and Btohnian remark that were tbM 
niclhodx practicable, then at oir-o there is th 
jiossibility of iirodocing copper-aliimiriinni alloj 
at a low price, and, on the other hand, of camlj 
prfiducing pnre aliinriniiim fn^ni the iron alloy 
According to rcMcurches conducted in tho labors 
tories at Zurich and Augsburg, it was found thid 
the melted-down copper contJiined oitlicr no altf 
Illinium 01' at most a trace. (Hee Appendix.) 1 

Aluminiutnbrori/e la also mode by Mr. Kvrard^ 
1„«,» given on p. 211. 

Iti'^nrrTioN i!Y. Zinc. ^ 

M. Dnllo* observes tliat tho double chloride 
aluminium and sudiiiin, which ho makiw directlj 

• Hull. Av 111 Wnp. Cliriii, 1H(W, v, 473, 
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from clay, may be reduced by zioe. ITe wy«, 
^Tbe reduction by zinc presents no difficalties, 
kst it is less easy than with eoJinm. An exce» 
flf Kinc should be eraployetl, which may be got rid 
<tf afterwards by distillation. The metal thus pre- 
pared possesfits all the charactemtics and all the 
properties of that obtained from beanxite with 
sodium." 

M. N. Basset,* a chemist in Paris, has recently 
pateDted a new proee^ for obtaining aluminium. 
It' the statements are correct they are of great value. 
The paper is as follows: All the metalloids and 
the metals which form by double decomposition 
jHTotoch lor ides or sesqui-chlorides more I'nsible or 
more Bohible than A I'd* may reduce Al'Ol* or 
even Al'CI».2XaCI. Thus, As, Bi, Cu, Zn, Sb, Hg, 
or even Sn, or ainal^niu of Zn, Sb, or Bn may be 
employed to reduce the single or double chloride. 
The author employs zinc in preference to the others 
iu consequence of its low price, the facility of its 
employment, its volatility, and the property which 
it has of metallizing easily the ahiminiura as it is 
set free. When metallic zinc is put in the presence 
of Al»Cl*.2NaCI at 250 to 300°, zinc chloride, 
ZnCI*, is formed and aluminium is set free. This 
dissolves in the zinc present in excess, the ZnCl' 
combines with the NaCl, and the mass becomes 
little by little pasty, thou solid, while the alloy 



' Lc Gei! 



; Industiicl, 18G3, p. 1. 
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Teniiiiiia fluid. If the heat is now rai80il,'T 
melts anew, tlie zinc reduces a iiuw portion of tho 
(Iniihle chhiride, and the excess of zinc enrichoe 
itself in aluminium proportionately. Tliese facta 
constitute the baais of the following general pro- 
C088: One equivalent of Al'Cl' is melterl, two of 
NaCl added, and when the vapore of hydrochloric 
acid arc dissipated, four equivalents of zinc, in 
powder or gmin, is introduced. The zinc metfai 
ru]tidly, and by agitation the mass of chloride 
IhickenH and solidities. The mass is now coinpoecil 
of Al'Cl*, NaCl, aTid ZnCP, and remains in n pasty 
condition on top of the fluid zinc containing alu- 
minium. Tliis jwiBty mass is removed, piled up in 
a crucible or in a furnace, and bars of the fluid 
alloy of zinc and aluminium obtained from a pre- 
vious operation are jdaeed on top of it. This is 
gradually heated to bright redness, and kept there 
for an hour. The melted maes is then stirred with 
a rake and poured out. It is an alloy of the two 
metals in pretty nearly equal proportions. This 
alloy, melted with some chloride from the first 
operation furnishes aluminium containing only a 
email per cent, of zinc, which disappears by a, now 
fusion under chloride mixed with a little A1*F*, 
providing the temperature ia raised to a white 
heat and maintained till the cessation of the vapors 
of zinc, air being excluded. 
The metul is pure if the /.inc employed contained 



, no foreign m: 



iterials 



loyed c 
nictiils. It is molted i 
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cast into ingots. In vane the zinc contains ii'oii, or 
even if tbe A1*C1* contains flome, the metallic prtv 
doct of the second operation may be treated with 
dilute sulphuric acid to remove it. The insolubla 
residue is washed and melted layer hy layer with 
fluorspar or cryolite and a small quantity of AlH^I',- 
2NaCl, intended solely to help the fusion." 

Mr, Wedding* makes the following remarks on 
tiia procoee : — 

" It is some time since Mr. Basset established the 
possibility of replacing sodium by zinc in the 
nmnufiicture of aluminium. Operating on Al'Cl*.- 
SKuCI with granulated zinc, the reduction takes 
place towards 300"^. The reduced aluminium dis- 
solves in theexcesBof zinc, while the ZnOI* formed 
combines with the NaCl, forming a pasty miiss if 
tlie heat ia not raised. Under the action of heat 
tlie alloy enriches itself In aluminium, because the 
zinc volatilizes. The zinc retained by this alloy is 
oompletely eliminated by fusion with Al'Cl*.'2NaGl 
and a little fluorspar. The temperature ought to 
bupuahetl at lust to a white heat, and maintained 
till no vapor of zinc escai>es, air being excluded 
(luring the operation. Tliese results I have con- 
flfmed, having submitted the experiments of Mr. 
Basset to an attentive examination, and I recom- 
mend its use. However, the process demands very 
much precaution because of the high terniierature 



• Journal de Pliarm. L4J iii. p. 155 (1806). 
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whidi It noce^eitntes. Another clit'Tniwt, Mr. 
Bpoclit., even in 1860 (iecoinpoBod A1*CI* by ziin:, 
RTiii Hkh tho Biimo rojtort to mukc — that ho thiiiku 
the jirfM-eBB will )m boiiic time advantagcounly prao 
tiwd on II liirpe Bttalo." 

Ilovt'uvur, thiH nmthod liiis not nuccceded in I«iii)C 
eBtublishod in practice, prolmbly on account of the 
high temperatiiro which ih necoHttary to drive off 
tho zinc, in which operation some Rlnminium it 

loBt. 

KagnnHbitHch,* in Leodn, mnkoR tho oingiilar 
propcjHition to molt clay with flnxen ; then, by add- 
ing zinc or lead, to decompone it by an electrical 
cnrrent and iHolntc an alumininni-zinc or alu' 
miniiim-lead alloy, from which the zinc may b0 
voliitilizcd or the \md cn^Killod. ^| 

Mr. Fred, J. Heynionrt piitentB tho r^'ductionfl 
ahiniininni liy xinc, and inukos tho following claiial 
An improvement in extracting ulumiiuiim from 
ahiminoiiB earths and ores by iiiixijig thom with 
an oro of nine, carbonifcrouB material and a flux, 
and eubjocting the mixture to heat in a cloHod 
retort, whoroby tho zinc is liberated, ia cannod to 
MHXnt in bringing or casting down the aluminium 
in a metallic Htato, and an alloy of aluminium and 
nine IB obtained. 

Tho only information outaido of the patent dull 



• Enjt. Pitt,, lfl7a, No. 4811. 

t U. 8. Put,, No. aOl.Oai. .Inn. 8, I 
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which I couM fiud in regard to tbia process U con- 
faiined in the following newspaper article, which, 
although wordy and indefinite, will have to be 
talieii in the absence of a more precise account. 

"Mr. F. J. Seymour,* a well-kuown practical 
metallurgist, late of Bridgeport, Conn., has, as the 
result of several years' study, succeeded in producing 
aluminium at a low cost, and by the novel furnace 
juitt designed asserts tliat he can extract the metal 
on a commercial hael^ in lai^e quantities. Not to 
go into all the t«chnical details, which are ex- 
tremely interesting to metallurgists, it is sufliciotit 
te Bay that Mr. Seymour has discovered that the 
close affinity existing between aluminium and zinc 
can bo utilized in vaporizing, capturing, and deposit- 
ing the aluminium, the sejiuration being effected 
by the aid of heat in a furnace, or rather a series of 
funiaces, of peculiar construction. The charge for 
fstli furnace is zinc ore 100 parts, koalin 50, carbon 
(either anthracite coal or its equivalent in hydro- 
csrhon gas) 125, pearl ash or its equivalent 15, 
NaCI 10 ; all intimately mixed. The retorts are of 
■teel, 36 inches long, 12 inches diameter, sides J 
inch thick. The heat necessary to produce the 
result is about 2500° F., or 1400° C. Properly 
handled, one furnace should make two charges in 
U to .SO hours. Four men can operate 50 retorts. 

• Cleveland Letter lo the 'New York Times,' April 14, 
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The number of retnrta c^ii be increased tos^erat 
Lundred in a single system. Capitalists are already 
interested in this new proee^, and the prospects are 
that operations on an extensive scale will soon 
follow. Independent investigations in the same 
line in this city have resulted in the recent incor- 
l)oration of a company for the extraction of alu- 
minium by electricity. Thus far the secret of the 
process has been strictly guarded, and no details 
can be given," * 

Mr. Seymour has quite recently taken out another 
patent, the claims of which are hardly reconcilable 
with those of the former patent. The claim is as 
follows : — 

Patent to Fred. J, Seymour,* Wolcottville, Conn,, 
assignor of one-half to Mr. Henry Brown, Now 
York. The following is the claim : " The process 
of extracting aluminium from aluminons earths, 
consisting in subjecting such ore or earth with an 
ore of zinc, carbonaceous matter, and a flux, to 
heat, in a retort; wherein the oxides of aluminium 
and zinc are vaporized ; collecting and condensing 
the vapors in a condenser, and afterwards subject- 
ing the condensed product to heat with carbo- 
naceous matter, substantially as herein described." 

If Mr. Seymour can make a process work accord- 
ing to the details of the above extraordinary claim, 



• U. 8. Pat. No. 337,998, filed March, 1885, granted March 
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he will certainlj hjiTe a daim on the MixJnni^ei 
of all scientific men. The idea of v^oriziriff ibe 
oxides of zinc and alominiGm k e«rcaiclv ozLiqQe. 
I wrote to Mr. Sevmoar, asking (r^T fartiier details 
of his process, and if he was making aiij alo- 
minium, bat have received no farther inf*»rma- 
tion than has already been given. 

*• The American Machinist,* Aagost, l^«6. con- 
tains the statement that the American Alaminiam 
Company has been organized at I>etroit with a 
capital stock of $2,500,000 ; to ase the patents of 
Dr. Smith for the United States, Great Britain and 
France. I was informed by a gentleman in the 
aluminium industry that this company were to 
operate Mr. Seymour's zinc process. 

Reduction by Lead. 

According to the invention of Mr. A. E. Wilde,* of 
Notting Hill, lead or sulphide of lead, or a mixture 
of the two, is melted aud in a molten state poured 
upon dried or burnt alum. The crucible in which 
the mass is contained is then placed in a furaace 
and heated, with suitable fluxes. The metal, when 
poured out of the crucible, will be found to contain 
aluminium. The aluminium and lead can be sub- 
sequently separated from each other by any known 
means, or the alloy or mixture of the two metals 

» Sci. Am. Suppl., Aug. 11, 1877. 
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ten be employed for the varioiis useful pnrpofi08 
which lend ia more or lens iitmuitcd. 

KiLgenabimirh'H procosH, UMirig luuJ, is dtisc-nlMd 
on p. ^2^H lUKlcr tliG reduction by zinc. 

TtKDUCTION BY MaNOANKSK. 

W. Woldon,* of BupHtow, Eiig., claims to mail 
together cryolite with CaCl' or another non-motatl 
He chloride or Hiilphido, and tlion to reduce tbi 
A1*CI* or Al'S' produced wilh niangancflo, whii 

iilaimN in even powerfnl enough to rodaoi 
•odium. 

Reditotion by Eleotbicity. 

The reduction of AI'Cl* or Al'Cl«.2NaCl bj; 
•odium iu the only proccuu by which the pui 
metal is now nitide. However, many attempt! 
have been made to inolate it l)y meauH of the ele« 
trio current. The reduction may take place II 
«Uher tlie dry or wet way. The reduction o 
flisetl Al'CI'.iiNaOI by the battery was accidental!} 
diti-'overcd simultaneoualy by Deville in Fran< 
and Itnni>on in Ccrmany, in 1H.'i4, and is nothia 
elnc but an application of the procceit already ai 
uounued by lluuHcn of d(K!Oinpoaing magnusiui 

* Bng. Pftl., IBSa, No. ST. Wagncr'i Jalireab., 1884. 
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chloride, MgCP, by the battery. Deville's account 
of the process is as follows: — * 

^^It appears to n)e impossible to obtain alumin- 
ium by the battery in aqueous solutions. I should 
believe this to be an impossibility if the brilliant 
experiments of Mr. Bunsen in the preparation 
of barium did not shake my convictions. Still 
I must say that all the processes of this de- 
scription which have recently been published for 
the preparation of aluminium have failed to give 
me .good results. To prepare the bath for decom- 
position in the dry way, I heated a mixture of 2 
parts AlHDl* and 1 part NaCl, dry and pulverized, 
to about 200° in a porcelain capsule. They com- 
bine with disengagement of heat, and the resulting 
bath is very fluid. The apparatus which I use for 
the decomposition comprises a glazed porcelain 
crucible, which as a precaution is placed inside a 
larger one of clay. The whole is covered by a 
porcelain cover pierced by a slit to give passage to 
a large, thick leaf of platinum, which serves as the 
negative electrode ; the lid has also a hole through 
which is introduced, fitting closely, a well-<lried 
porous cylinder, the bottom of which is kept at 
Bome distance from the inside of the porcelain 
crucible. This porous vessel incloses a pencil of 
retort carbon, which serves as the positive electrode. 
Melted Al^Cl^.^NaCl is poured into the porous jar 
and into the crucible so as to stand at the same 

* Ann. de CUem. et de Pliys. [8 J, 46, 451. 




height ill both vessels; tlio wholo U heated j 
enough to keep tho Imth iti fusion, and tliei^ 
pHBsed tlirowgh it tho cnrretit from neveral BunI 
t!o!le, two cells beiiig strietly Biitticient. The j 
iicxed tthij^rain uhows the crncihlea iti aectian. 



J'Ig. IB. 




"The iLlimiiiiiiitii liqiositrt with Homc NaOl 
the platinum k'lif; tlio ehlorinu, with a 111 
Al'CI', is disengaped in the porous jar, and foP 
white fumes, whiLili are }ireveriU'd from miiig, 
throwing into tlic jar from tiinc to time some dl 
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pulverized XaCl. To collect the alunnniuni, the 
platinum leaf is removed when sufficiently charged 
with the saline and metallic def Ki&it ; atlter letting 
it cool the deposit is rubbed off and the leaf placed 
in its former position. The material thus detached, 
melted in a porcelain crucible, and after cooling 
washed with water, yields a gray, metallic }H>wder, 
which is melted under a layer of Al*Cl*.2XaCl and 
reunited into a button." 

Bunsen* adopted a similar arrangement. The 
porcelain crucible containing the bath of A1K?1*. 
2XaCl kept in fusion was divided into two com- 
partments in its upper part by a partition, in onler 
to separate the chlorine liberated from the alumin- 
ium reduced. He made the two electrodes of 
retort carbon. To reunite the pulverulent alumin- 
ium, Bunsen melted it in a bath of A1*C1* 2XaCl 
continually throwing in enough XaCl to keep the 
temperature of the bath about the fusing point of 
silver. 

Deville,t without being acquainted with Bun- 
sen's investigations, employed the same arrange- 
luent, but he abandoned it because the retort 
carbon slowly disintegrated in the bath, and a 
considerable quantity of Al»Cl*.2NaCl was lost by 
the higher heat necessary to reunite the globules 
of aluminium after the electrolysis. Deville also 

* Pogg, 97, «4«. 

t Ann. de Phys. et de Cbem. [3], 43, 27. 




lobservGiI that by working at a higher t«ni|>em- 
Itnre, ae Buhhoq han done, he obtained purer metal, 
■ but in leHH quantity. The eft'out of the high heat 
in that siliunti chloride in formed nnd volatilizes, and 
the iron whinh would have 1)een reiluced with the 
ftliiitiiniiini irt tranaformod to FeCI* by the A1*CI*, 
aiul thu^ the aluminium in purified of ailicoti and 
iron. 

Mierzitiski mukys the following jtractiuil remarks 
on the Uflo of oleutricity in producing uluniinium : — 
"An imjTortnnt factor wliit:h we must notice ia 
the present production of uluniinium iw the appli- 
cation of electricity. On all nidca the groatetit 
cttbrtH are being made to apply electricity to 
chemical technology ; in the future tlio importanco 
of electricity will centre on its apiilicfition to reduc- 
ing metak. Even in tlieyeur 1H07 Davy succeeded 
in decomposing caustic [Kttash by meauH of a current 
from a 400 clement Wollaston l)attery. liut yrm 
now liave magneto-electric and dynamo-eleotriJ 
machinoH which are much lighter and cheaper thai 
they were in Davy's time. The application o 
electricity for producing metals also posseaiieH thi 
advantage not to be ignored, that a degree of hett 
may Ik: attained with it such as cannot be reachc( 
by a blowpipe or regenerative gas furnace. Th( 
highest furnace temperature attainable ia 2&00 to ' 
2800° C, but long before thin point is reached the 
couibuHtiou becomes so languid that the h)S» of 
^^lieat by radiation almost cquali^ the production of ■ 
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heat by combiiBtion,and hindersa furtherelevation 
of temperature. But in applying electricity, the 
degree of heat attainable ia theoretically unlitntted. 
A further advantage is that the smelting takes 
place in a perfectly neutral atmosphere, the whole 
operation goea on without much preparation and 
under the eyes of the operator. Finally, in ordi- 
nary furnaces the refractory material of the vessel 
must stand a higher heat than the substance in it, 
whereas by smelting in an electrical furnace the 
material to be fiiBcd has a higher temperature than 
the crucible itself. 

"The manufacture of ahiminium is effected now 
either by separating out the metal itself directly 
from the solutions of its salts or by reducing it 
with sodium. However, in spite of numerous 
attempts, sodium has not been replaced as a reduc- 
ing agent. In the production of aluminium, the 
making of AIK)* from beauxite costs 9.7 per cent., 
mnking the Al'Cl*.2N"aCI 38.4 per cent., and de- 
composing by sodium 56.9 per cent, of the whole 
cost. The attempt to reduce alumina directly by 
carbon Mr. W. Weldon considera as impossible 
because he could not produce the temperature 
required for the reaction to take place. Henoo 
appears the great importance of utilizing the 
temperature attainable by the electric current. 
The separation of aluminium by electrolysis is now 
done only by the use of anhydrous AI'd^aNaCl, 
melting at 200° C. The anodes are made of plates 



228 ALUMINIUM. 

of alumina and carbon pressed together, having the 
conducting wire leading through their whole 
length in order to lessen the resistance as much as 
possible. The metal is obtained as a granular 
powder mixed with N"aCl. "Where possible, vessels 
of chalk or magnesia should be used, since alu- 
minium takes up silicon from siliceous crucibles 
and becomes brittle." 

There have been some iraprovementa made in the 
form of apimratus over those used hy Bunsen aud 
Deville, designed to produce the metal on a com- 
mercial scale. The beet one is that patented in 
Germany by Richard Griitzel.* He uses melting- 
pots of porcelain, alumina, or aluminium, which 
serve also as negative electrodes. A number of 
these are placed in one furnace. The following 
section shows the arrangement (Fig. 16). The 
positive electrode A' can be made of a mixture of 
anhydrous alumina and carbon pressed into shape 
and ignited. A mixture of alumina and gas-tar 
answers very well ; or it can even be made of gas- 
tar and gas-retort carbon. During the operation 
little pieces of carbon fall from it and would con- 
taminate the bath, but are kept from doing so by 
the mantle G. This isolating vessel (? is perforated 
around the lower part at 5, so that the chlorine gas 
liberated at K may escape through the tube 0', 
while reducing gases can be brought into the cruci- 



• D. R. Pat. No. i 
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Ue by the tube C. To lessee the electrical rasisfc- 
sncG and to renew the l«ih of chloride or flaoride. 




bars of carbou, alumina, or magneaia are placed 
inside the isolattug mantle G. 

This process is now being worked on a large 
scale iu Germany, being also used for producing 
magnesium. There are works at Bremen and 
Hambu rg. 

M. Duvivier* atatea that by pasaiiig an electric 

• Tlie Chemisl, Aug. 1854, 
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current from eighty Biinflen cells through a smal 
jnoco of lamitiated disthone between two carbo 
points, the diHthene melted entirely in two or thre 
minutes, the elements which composed it w 
partly disunited by the power of the electric cur- 
retit, and some aluminium freed from its oxygen* 
Several globules of the metal separated, one of 
which was as white and as hard as silver. 

Kagetisbusch,^ of Leeds, makes the singular 
proposition to melt clay with fluxes, then add zinc 
or a like metal, pass an electric current through 
the fused mass, isolating an alloy of aluminium and 
the metal, from which the foreign metal may be 
removed by distillation, sublimation, or cupcUa- 
tion. 

Oaudinf reduces aluminium by a process to 
which he apjilies the somewhat doubtful title of 
economic. lie melts together equal parts of cryo- 
lite and NuOl, and traverses the fused mass by an 
electric current. Fluorine isevolved at the positive 
polo, while aluminium accumulates at the negative. 

Thus far we have given the methods based on 
eloctrolyzing fused salts. These seem to bo the 
operations best suited to throwing down aluminium 
in mass. The electrolysis of aqueous solutions 
seems so far to have succeeded only in depositing 
very thin films of metal. We will now give the 

* Kng. Pat. 1872, No. 4811. 
t Monitour SclcnUflquc, xl. 02. 
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various methods proposed for electrolyzing alu- 
minium in the wet way. 

Messrs. Thomas and Tilly* coat metals with 
aluminium and its alloys by using, for depositing 
the pure metal, a sohition of freshly precipitated 
alumina dissolved in boiling water containing 
potassium cyanide, or a sohition of freshly calcineil 
alum in aqueous potassium cyanide; also from 
several other liquids. Their patent covers the 
deposition of the alloys of aluminium with silver, 
tin, copper, iron, silver and copi>er, silver and tin, 
etc. etc. 

M. Corbelli, of Florence,! deposits aluminium 
by electrolyzing a mixture of rock alum or sulphate 
of alumina with CaCl* or NaCl, in aqueous solu- 
tion, the anode being mercury placed at the bottom 
of the solution and connected to the batterv bv an 
iron wire coated with insulating material and 
dipping its uncovered end into the mercury. The 
zinc cathode is immersed in the solution. Alu- 
minium is deposited on the zinc, and the chlorine 
which is liberated at the anode unites with the 
mercury, forming calomel. 

J. B. Thompson:]: reports that he has for over 
two years been depositing aluminium on iron, steel, 
and other metals, and also depositing aluminium 

* Eng. Pat., 1855, No. 2756. 
f Eng. Pat., 1858, No. 507. 
% Chem. News, xxiv. 194. 
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bronze-of varions tints, but declines to state Iiib' 



J. A. Jeancon* has patented a process for de- 
positing aluraininm from ao aqueous solution of a 
double salt of aluminium and potassium of specific 
gravity 1.161 ; or from any solution of an alumin- 
ium salt, such as sulphate, nitrate, cyanide, etc., 
concentrated to 20° B. at 50° F. He uses a battery 
of four pairs of Smee's or three Bunsen's cells, 
■with elements arranged for intensity, and electro- 
lyses the solutions at 140° F. The first solution 
will decompose without an aluminium anode, but 
the others require such an anode on the negative 
pole. The solution must he acidulated slightly 
with acid corresponding to the salt used, the tem- 
perature being kept at 140° F. constantly. 

M. A. Bertrandf states that he deposited alu- 
minium on a plate of copper from a solution of 
double chloride of aluminium and ammonia, by 
using a strong current, and the deposit was capable 
of receiving a brilliant polish. 

C. WinklerJ states that be has speut much time 
and tried all methods so far proposed, and comes 
to the conclusion that aluminium cannot be de- 
posited by electro-deposition in the wet way. 



• Annual Record of Science and Indastry, 1875. 

t CUera. News, xxxiv. 337. 

% Journal of the Cbem. Boc., x. 1134. 
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Sprague* also states his inability to deposit alumin- 
ium electrically from solution. 

M. L. Senetf electrolyzes a saturated solution of 
A1*(S0*)*, separated by a porous septum from a 
solution of NaCl. A current is used of four 
amperes. The double chloride, Al*Cl*.2NaCl, is 
formed, then decomposed, and the aluminium 
liberated deposited on the negative electmde. 

Gerhard and Smith:]: patented a process for de- 
positing electrically aluminium and its alloys. 

John Braun§ decomposes a solution of alum, of 
specific gravity 1.03 to 1.07, at the usual temiKjra- 
ture, using an insoluble anode. In the course of 
the operation, the sulphuric acid set free is neu- 
tralized by the continual addition of alkali ; and, 
afterwards, to avoid the precipitation of alumina, 
a non-volatile organic acid is added to the solution. 

Moses G. Farmer) has paten te<l an apparatus for 
obtaining aluminium electrically consisting of a 
series of conducting cells in the form of ladles, 
each ladle having a handle of conducting material 
extending upwards above the bowl of the next 
succeeding ladle; each ladle can be heated sepa- 
rately from the rest ; the anodes are hung in the 
ladles, being suspended from the handles of the 

* Bpragae*8 Electricity, p. 309. 
t Cosmos les Moiides, Aug, 10, 1885. 
i Eng. Pat., 1884, No. 16,653. 
§ German Pat., No. 28,760. 
II U. 8. Pat., No. 815,266, Apr. 1885. 
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precediug ladles, the ladles themselves heiog tlie 
cathodes. 

Mierzinski says that the deposition of aluminium 
from an aqueous solution of its salt has not yet 
been accomplished, and declares Gore to have been 
in error when he stated that he had covered copper 
with a film of aluminium by using a feeble current 
and a solution of Al'Cl" in water. 

Several years ago, the writer was in Mr. Frish- 
muth's works, in Philadelphia, and observed that 
he was then doing a large amount of plating, de- 
positing an alloy of aluniiuiura and nickel. Nickel 
plating is known to be very bai"d and lasting, but 
it has a dark-bluish color, not agreeable to many. 
The presence of aluminium with it whitens it so 
that the plating is a very close imitation of silver, 
and wears nmch better than silver jilating. He 
was depositing with a twenty horse-power dynamo. 
The articles were previously cleaned in a hot pot- 
ash solution, and then hung in the plating bath. 
I do not know the composition of bis solution, he 
keeps that secret, but it was green and strongly 
ammoiiiacal. 



PART XI. 

WORKING IN ALUMINIUM. 

Melting Aluminium. 

Deville: To melt aluminium it is necessary to 
use an ordinary earthen crucible and no flux. 
Fluxes are always useless and almost always harm- 
ful. The extraordinary chemical properties of the 
metal are the cause of this ; it attacks very actively 
borax or glass with which one might cover it to 
prevent its oxidation. Fortunately this oxidation 
does not take place even at a high temperature. 
When its surface has been skimmed of all impuri- 
ties it does not tarnish. Aluminium is very slow 
to melt, not only because its specific heat is consid- 
erable, but its latent heat appeal's very large. It 
is best to make a small fire and then wait patiently 
till it melts. One can very well work with an un- 
covered crucible. When it is desired to melt 
pieces together, they can be united by agitating the 
crucible orcompressing the mass with a well-cleaned, 
cylindrical bar of iron. Clippings, filings, etc., are 
melted thus : Separate out first, as far as possible, 
foreign metals, and to avoid their combining with 
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the aluminium heat the divided luetal to as low 
a heat as possible, juet sufficieut to melt it. The 
oil and organic matters will bum, leaving a cinder, 
which hinders the reunion of the metal if one docs 
not press firmly with the iron bar. The metal may 
then be cast very easily, and there is found at the 
bottom of the crucible a little cinder whit-h still 
contains a quantity of aluminium in globules. 
These may be easily separated by rubbing in a 
mortar and then passing through a sieve, which 
retains the flattened globules. 

Kerl & Stobman: To be able to melt well and 
pour aluminium, the whole quantity of metal which 
is to be melted at one time must not be put into 
the crucible at onee, but little by little, so increas- 
ing the mass from time to time as the contents 
become fully melted. The necessary knack for 
attaining a good clean melt consists in dipping the 
pieces which are to be melted together in benzine 
before putting in the crucible. Mourey even pours 
a small quantity of benzine into the crucible after 
the full melting of the metal, and he recommends 
the employment of henzine in the melting of all 
the noble metals. Turning to the cases arising in 
the employment of aluminium in the different in- 
dustrial art^, one must as far as possible separate 
out first the pieces which have been soldered, in 
order that the newly melted aluminium may not 
be contaminated by the solder. The solder adher- 
ing to these pieces can be removed by treating them 
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with nitric acid, by which the aluminium is not 

attacked. 
Mierzinski : To melt aluminium one cannot heat 

it in common clay crucibles, because it reduces sil- 
icon from them, by which the metal becomes gray 
and brittle. This difficulty can be removed by 
lining the crucible with carbon, or better, with well- 
burnt cryolite-clay. Moreover, in -practice, it is 
only in the rarest cases that pure aluminium is 
obtained to be melted up, but, as a rule, it is al- 
loyed with four to eight per cent, of silver. 

Casting Aluminium. 

Deville : Aluminium can be cast very easily in 
metallic moulds, but better in sand for complicated 
objects. The mould ought to be very dry, made of 
a porous sand, and should allow free exit to the air 
expelled by the metal, which is viscous when 
melted. The number of vents ought to be very 
large, and a long, perfectly round git should be 
provided. The aluminium, heated to redness, 
ought to be poured rather quickly, letting a little 
melted metal remain in the git till it is full, to pro- 
vide for the contraction of the metal as it solidifies. 
In general, this precaution ought to be taken even 
when aluminium is cast in iron ingot moulds or 
moulds of any other metal. The closed ingot 
moulds give the best metal for rolling or hammer- 
ing. By following these precautions, castings of 
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great beauty may be obtained, but it is not advisa- 
ble to conceal the fact that to be able to succeed 
completely in all these various operations requires 
for aluminium, as for all other metals, a special 
familiarity with the material which practice alone 
is able to give. 

In the fusion of impure aluminium, very different 
phenomena are observed according to the nature of 
the foreign metal which contaminates it. Ferru- 
ginous material often leaves a skeleton less fusible 
and pretty rich in iron; a liquation has taken 
place, increasing the purity of the melted material. 
When the aluminium contains silicon this liquation 
is no longer possible, or at least it is very difficult, 
and I have sometimes seen some commercial alu- 
minium so siliceous that the workmen were unable 
to remelt it. But the aluminium which is made 
at present is much purer than that. 

Purification of Aluminium. 

Freeing from Slag, — Deville gives the following 
information on this important subject: — 

"It is of great importance not to sell any 
aluminium except that which is entirely free from 
the slug with which it was produced and with 
which its whole mass may become impregnated. 
We have tried all sorts of ways of attaining this 
end, so as to obtain a metal which would not give 
any fluorides or chlorides upon boiling with water, 
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or give a solation which would be precipitated bv 
silver nitrate. At Glaciere, we granulated tbe 
metal by ponring it while in good fusion into 
water acidulated with H*SO; this method par- 
tially succeeded. But the process which M. Paul 
Morin uses at present, and which seems to give 
the best results, is yet simpler. Three or four 
kilos of aluminium are melted in a plumbago cru- 
cible without a lid, and kept a long time red hot 
in contact with the air. Almost alwavs acid 
fumes exhale from the surface, indicating the 
decomposition by air or moisture of the saline 
matter impregnating the metal. The crucible 
being withdrawn from the fire, a skimmer is put 
into the metal. This skimmer is of cast iron ; its 
surface ought not to be rough and it will not be 
wetted by the aluminium in the least during the 
skimming. The white and slaggy matters are 
then removed, carrying away also a little metal, 
and are put aside to be remelted. So, in this 
purification, there is really no loss of metal. After 
hkving thus been skimmed, the aluminium is ca^st 
into ingots. This operation is repeated three or 
four times until the metal is perfectly clean, which 
is, however, not easily told by its appearance, for, 
aft«r the first fusion, the crude aluminium when 
cast into ingots has a brilliancy and color such as 
one would judge quite irreproachable, but the 
metal would not be clean when it was worked, 
and especially when polished would present a mul- 
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titude of little points called technically 'piqQrefl,' 
which give to itn surface, eapecially with time, a 
diBagreeable look. Aluminium, pure and free 
from slag, impi-oves in color on using. It in the 
contrary with the impure metal or with alumin- 
ium not freed from slag. When aluminium ib 
Bubmitted to a nlow, corroding action, its surfacfl 
will cover itself uniformly with a white, tliin 
coating of alumina. However, any time that this 
layer ia hlack or the aluminium tarniahes, we may 
be sure that it contains a foreign metal and that 
the alteration is duo to this impurity." 

Watts Buggesta that the iron skimmer be oxi- 
dized on its Hurface. 

Seeing from Imparities. — Again Deville is the 
authority, and we quote his advice on the eub- 
ject :— 

"A particular characteristic of the metallurgy 
of aluminium is that it is necessary, in order to get 
pure metal, to obtain it so at the first attempt, 
When it contains silicon, I know of no way to 
eliminate it, all the experiments which I have 
made on the subject have had a negative result; 
simple fusion of the metal in a crucible, permitting 
the separation by liquation of metals moi-e dense, 
seems rather to increase the amount of silicon than 
to decrease it. When the aluminium contains iron 
or copper, each fusion puriiieB it up to a certain 
limit, and if the operation is done at a low beat 
there is found at the bottom of tbe crucible a 
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metallic skeleton containing much more iron and 
copper than the primitive alloy. At first I made 
this liquation in the muffle of a cupel furnace, in 
which process the access of air permitted the par- 
tial oxidation of these two metals. The little lead 
which aluminium may sometimes take up may 
thus be easily separated. Unfortunately, the pro- 
cess does not give completely satisfactory results. 
It is the same in fusing impure aluminium under 
a layer of potassium sulphide, K*S'; there is a 
partial separation of the lead, copper, and iron. 
That which has succeeded best with us is the pro- 
cess which we have employed for a long time at 
Glacifere, and which consists in melting the alu- 
minium under nitre in an iron crucible. We have 
in this way improved the quality of large quanti- 
ties of aluminium. The operation is conducted as 
follows: Aluminium has generally been melted 
with nitre in order to purify it by means of the 
strong disengagement of oxygen at a red heat, no 
doubts being entertained as to the certainty of the 
result. But it is necessary to take great care 
when doing this in an earthen crucible The 
silica of the crucible is dissolved by the nitre, the 
glass thus formed is decomposed by the aluminium, 
and the siliceous aluminium thus formed is, as we 
know, very oxidizable, and especially in the pres- 
ence of alkalies. So, the purification of aluminium 
by nitre ought to be done in a cast-iron crucible 
well oxidized itself by nitre on the inside. 

21 



*'0n melting aliiniiiiium conhiiniiig zinc In con. 
I tact with the air and at a tcmiierature wliiuh will 
iToIatilize the zinc, the largest part of the latter 
burns and tliBappearB as flaky oxide. To obtain 
complete separation of the two metala it ia noci 
Bary to heat tlie alloy to a high temperature in 
brasquetl crucible. This experiment succeods very 
well, but it ia here shown that the aluminium muat 
oxidize slightly on its surface, for some carbon ia 
reduced by the aluminium from the carbonic 
oxide with which the crucible is filled. This 
carbon thus sejiarated is quite amorphous." 

This jihenomenon may not ajijiear so oxtraoi-- 
dinary if we consider tbe case in this way: The 
aluminium is <lii4So1ve<l in the fluid zinc in a man- 
ner strictly analogous to the aluminium dissolved 
in mercury. Now, it will be seen that alumin- 
ium-amalgam decompoaes easily, the mercury ap- 
pearing to impart to the aluminium tho ability to 
combine easily with oxygen, eo that in tbe 
amalgam aluminium ia said to play the part of an 
alkali metal, with which it is so closely related in 
its compoimds. Considering the case of the alu* 
minium dissolved in melted ziuc instead of 
mercury, it appears probable tliat the zinc irapul 
in the aame manner as the mercury, though li 
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e of carbonic oxide. 



Mifrzinski recommends the purification 
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nitre to be made in a crucible made of alumina or 
aluminate of soda. 

G. Buchner* states that commercial aluminium 
contains considerable quantities of silicon, which 
by treatment, when melted, with hydrogen, evolves 
hydrogen silicide. This does not result if arsenic 
is present. 

Mallet made chemically pure aluminium by treat- 
ing the commercial metal with bromine, purifying 
the resulting Al'Br* by fmctional distillation, and 
then reducing it with pure sodium. By repeatedly 
melting the metal upon aluminium leaf, he obtained 
it chemically pure. Although this method is quite 
Applicable when studying the properties of the 
pure metal, yet it cannot serve on an industrial 
scale. 

Uses of Aluminium. 

" Since aluminium was prepared by Devillef on a 
large scale it has received numerous applications. 
Its beautiful color, its lightness, its unoxidizability 
in contact with air or sulphuric acid, it^ harmless- 
ness to the health, the ease with which it may be 
worked, are some of the properties which assure for 
it a place among the useful metals. On account of 
its very high price the first articles made of it were 
those of ornament and luxury. The very first article 

♦ Wagner's JaUresb., 1884. 
t Fremy'B Ency., 1883. 
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LniadL' of it was a biiby rattle, iiiteiiilLMl for the young 
iPriiKTe [mpcrial in l85li. AtWwapds there wet 
Emwle of it jewelry, me<lala, inlaid work, and carvtd 
ftmoiitdiiigBforiiilniil workiiDd rich fiiniitiire. Itl^ 
■Tery well Hiiitod for lino jowolry by reaflon of \ld 
^adttptiibility to bi'iiig cast and carved, the beautifw 
retlectioiiH from a chased wurface, Ub color, whia 
matches well with gold, and itHubttenceof all oAot 
Later on, the lightnosa of ahimiiiiiim leads to it| 
use for telescope tubea, marine glasseR, oye-glABSt 
and especially sextants. In delicate physical ad^ 
paratUB, where it is necessary to avoid the inortil] 
of large ninsBes, aluminiuni replacee the other 
metals with advantage. It ie used for beam's 
for delicate balances and for very small weights. 
There liavo been made of it sabro sheaths, sword 
handles, and the itupcnal eagles for the Frencli 
army. Finally, made into fine wire, it is worked 
into luce, embroidery, etc. For all these purposes 
aluminium answers better than Hilvcr, for the 
objects uro much lighter and do not tarniBh. The 
resistance of aluroiniuui to moat of the agents 
which attack the useful metals has led to its em- 
ployment for culinary articles; a large number of 
which were seen lit the London Kxhibition in 1802. 
But the advantages of aluminium vesBels have not 
yet been aufBciently comprehended, and this 
of it has at present been entirely discontiii 
Likewise, aluminium jewelry is not Been 



> that the metal i 
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more than optical and ^urgica] iiistruiuents. But 
tbe aluminium industry ie nevertheleiiia catnbliuticd 
on a permanent basis and will continue, because of 
the numerous applications of its alloys." 

M. Dumas made a helmet of aluminium, gilded 
and onmiiienteci, which weighed complete only one 
and one-fifth pounds. 

AUiminium leaf, l>eaten very thin, may be usetl 
anywliere in place of silver leaf. It is applied in 
the same manner, and is more linrable. 

Aluminium wire has been proposed for telegraph 
Hues. The conductivity of aluminium is double 
that of iron, and as it is so much lighter, thinner 
wire can he used. As its Iiigli price is a practical 
difficulty, an alloy of ironand alumiuiura has been 
suggested. 

" One of the moat likely applications of alu- 
minium is jirobahly Its a material for statuettes and 
small works of art of this description, esiiecially if 
the means could be found of giving to it a richer 
color and appearance either hy a kind of bronzing 
or some alloy. 

"Aluminium makes very bright reflectors, not 
tarnished by the products of combustion, while the 
Blight bluish tinge of the rnetal corrects the yel- 
lowish tinge of the Same. For culinary uses it ia 
Well adapted, because of its lightness and the little 
tendency it has to become corroded by any of the 
liquids likely to come in contact with it. It is 
necessary to observe, however, that this power of 
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[^rwiBtirig the action of oirmding agencies, nnd 
more c»ip(rriiiI1y Uio nliiio(4)iIierc ul' large townn, It 
^xhibitcil only by tlio piiro luotal. Mont of t 
nictul of commcj-oo is very iinpuro witli iron aai 
Hiliuon, nut having boon proijorly frood from slag 
Aluminium tliim coiihmiinatud boou bocoraes tav 
niHlieil, and inut-li (liauppointnient ban been expi 
onc'od from Uiin ciiutw; by tboso who have used v 
for ornamental jmriioiMiw. According to Doville, tla 
imporitioB jnat monlioned are found to the greatei 
amount in the metal obtained from cryolite." 

Tn the 'Bcientitie American,' vol. xii. pp. SI am 
filiiHa long article on plating with a liin; 
giving complete diroctions for preparing articloi 
Holutions, etc. 

A large collection of urtlclog of ahiniinium wa 
shipped from England to Oalcutta in Oct. 388S 
intended for exhibition there. The exhibit cot 
sistcd of wire, pens, pcncil-ciwee, railway-carri^ 
fittings, lo<^ke and bolte, haniotw furniture in grea 
variety, chundeliorB, cutlery, ami HhipH' fittingi 
and illuHtriited very well tbc various uHoa to whict 
the metal can bo put. It is being used for tbi 
lighter jiartB of Biieh inBtrunients aB galvanonicten 
etc., for suture wire, and pcrhapa its most promii 
ing iield Is fur engineering, aBlronomical, am 
optical instruments. 

" Aluminium is Bold as leaf in bookii, like goU 
leaf, for deconitlons, at from 40 to flO cents j 
^^book, and is being expcriniuntcd willi by maiiu- 
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facturere of jewelrj. In Germany, experiments 
have been made with it as a coating for iron, to be 
applied for ornamental purposes, and as an improve- 
ment on tin plate. Its use is extending slowly but 
surely, its cost being at present the principal 
obstacle to ita wider employment."* 

Exi)eriments were made in the U. S. Mint in 
1865, on alloys of aluminium for coins. The 
results were not sufficiently successful to induce 
the Government to adopt the metal for that purpose. 

Soldering Aluminium. 

At the time Deville wrote his book, the diflSculty 
of soldering aluminium properly was one of the 
greatest, if not the greatest, obstacle to the employ- 
ment of the metal. His views on the question may 
be, therefore, very interesting ; they are as follows : — 

"Aluminium may be soldered, but in a very 
imperfect manner, either by means of zinc or 
cadmium, or alloys of aluminium with these 
metals. But a very peculiar difficulty arises here, 
we know no flux to clean the aluminium which 
does not attack the solder, or which, protecting the 
solder, does not attack the aluminium. There is also 
an obstacle in the particular resistance of aluminium 
to being wetted by the more fusible metals, and 
on this account the solder does not run between 

* Mineral Resources of the TT. 3. 1883-4. 
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and attiifh itself to tlie surfafipB to be united. M. 

Christotic and M. Charrifere made, in 1855, during 

the Kxpositioii, solderings with zinc or tin. lint 

this is a weak Holder and does not make a lirni 

Beam. MM. Tiaaier, after some expcrimenta made 

in my laboratoiy, proposed alloys of aluminium 

Land zinc, which did not succeed any better. How- 

Bfffer, M. I>eiiis, of Nancy, has remarked that wheik- 

VWer the aluminium and the solder melted on iU 

Burfaccare touched by a iiiece of zinc, tlie udliGHion 

becomes manifest very rapidly, us if a particular 

electrical state wu^ determined at the moment of; 

contact. But even this produces only weak solder" 

ings, insufiicieut in most cases. 

"A long time ago, M. Hulot proposed to avoid 
the difficulty by previously covering the pie<j* 
with cojiper, then soldering the copper surfaced^ 
'J\> ett'ect this, plunge the article; or at least tlu 
part to be soldered, into a bath of acid sulphate at 
copper. I'ut the positive pole of a battery in coia- 
municatioii with the bath, and with the negative 
pole toucli the places to be covered, and the cop|>er' 
is deposited very regularly. M. Mourey baa 8U0» 
ceedeil in soldering aluminium by processes yet 
unknown to me ; samples which I have seen looked 
excellent. I hope, then, that this problem haa 
found, thanks to his ingenuity, a sohition ; a wry 
importarjt step in enlarging the employment o£ 
eluminium." 



L 
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Mierzinski gives the following statements about 
M. Mourey's solder : — 

"Mourey, who first made a practicable solder 
for aluminium, used two kinds of solder, soft and 
hard. The first was used for the usual soldering 
up of flasks or pieces of metal. He made solders 
of five different alloys, the composition of which 
were as given in the table below : — 



I. 


n. 


III. 


IV. 


V. 


20 


15 


12 


8 


6 



Al . . . 

Zn ... 80 85 88 92 94 

These solders have varying melting points, and 
thus there results the hard and soft solders. One 
can take a soft solder, as IV., for brazing, and one 
like IL for ordinary soldering."* 

Schwarzf improved these solders by adding 
copper to the alloy. His solders have the follow- 
ing composition : — 

I. II. ni. IV. V. 
Al ... 12 9 7 c 4 

Ga ... 8 6 5 4 2 

Zn ... 80 85 88 90 94 

Mourey:|: recommends improved solders of some- 
what similar composition. They are : — 





I. 


II. 


III. 


IV. 


V. 


VI. 


VII. 


Al . . 


. 30 


20 


12 


9 


7 


6 


4 


Cu . 


. 20 


15 


8 


• • • 


• •• 


• • • 


2 


Brass . 


• ... 


• •• 


... 


6 


5 


4 


... 


Zn . . 


. 50 


65 


80 


85 


88 


90 


94 



* It is usual to employ hard solder for braziug, and No. II. 
would be harder than No. IV. — J. W. R. 
t Dingier, 157, 445. J Dingier, 166, 205. 
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Co). Wni. Frifilimutb* recommends a solder coii- 
taiiiing: — 

Al 20 

Cu 10 _J 

Zn SO ^M 

8n 60 WM 

Ag 10 tM 

^ Col. FHshmuthf states that the solder jiiat given 
is used for fine ornamentjil work , while for lower- 
grade work he uses the following : — ^H 

^H 
Sn .... US 97 OS-Sd ^H 

Bi .... 6 3 2-1 ^ 

Frishmuth recommends for a flux, in all cases, 
either paraffin, stearin, vaselin, copaiva balsam, or 
henztiie. In the solder for flue work, if aluminium 
is used in larger quantity than recommended, the 
solder becomes brittle. 

Kerl and Stohman give the following practical 
observations on this subject : — 

" At first, the soldering of aluminium appeared 
impossible. But Ph. Mourey, a gold and silver 
worker in Paris, invented a new method by which 
be could solder any kind of object of this metah 
The following are his receipts: — 

" There are needed, according to the objects to be 
soldered, five dift'erent solders, which are composed 
of aluminium, copper, and zinc, in dift'erent propor- 
tions : — 

* Tecliniker, vi. 240. f Wagner's Jaliresb., 1884.^ 
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"To make the solder, first put the copper in the 
crucible. When it is melteil, then add the alu- 
luiniuiD in three or four portions, thereby sonie- 
what cooling the melted mass. When both metala 
are melted, the mass is stirred with a small iron 
rod, and then the required quantity of ziue added, 
free from iron, and as clean as possible. It raelta 
very rapidly. The alloy is then stirred briskly 
with an iron rod for a time, s<>nie fat or l>enzine 
being meanwhile put in the crucible to prevent 
contact of the metal with air and oxidation of the 
zinc. Finally the whole is ponred out into an in- 
got mould previously rubljcd with benzine. After 
the addition of zinc, the operation must be finished 
very rapidly, because the latter will volatilize and 
bum out. As soon as the zinc is melted, the cru- 
cible is taken out of the fire. 

" The separate pieces of metal to be soldered 
together are fii-st well cleaned, then made some- 
what rough with a file at the place of juncture, 
and the appropriate solder put on it in pieces about 
the size of millet grains. The objects are laid on 
Bome hot charcoal, and the melting of the solder 
eft'ected by a blast lamp or a Rochemont turpentine- 
oil lamp. During the melting of the solder, it is 
td with a little soldering iron of pure alumin- 
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ium. The soldering iron of pure aluniliiit 
eBsentially a necessity for the success of the opera^ 
tiou, since an iron of any other metal will alloy 
with the metals composing the solder, while the 
melted solder does not stick to the iron made of 
aluminium. 

" The method just described differs from the one 
described by Mourey in so far that he used, at firat, 
alloys of aluminium and zinc only, with no copper. 
He used one of the more fusible alloys to first unite 
the pieces, and then used a less fusible one to finish 
with. Ill oixlep to avoid the oxidation of the sol- 
der he added while using the hard solder, which 
must be worked with a hotter iron, a quantity of 
copaiva balsam and turpentine, which acts just as 
borax in working silver. With these new solders 
of aluminium, copper, and zinc the process ia much 
simpler, the work is done with one solder and the 
moistening with balsam is unnecessary. The sol- 
derings may be done so perfectly that plates soldered 
together never break at the joint when bent back 
and forth, but always give way in other places ; 
which is a result not always possible in the best 
soldering of plates of silver." 

Bell Bros, used to operate the works at Ifewcas- 
tle-on-Tyne, and their description may contain a 
few points not yet brought forward : — * 

"In order to unite pieces of aluminium, small 
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1 of the same metal are used, which facilitate 
at the same time the fusion of the solder and its 
adhesion to the previously prepared surfaces. Tools 
of copper or brass mast be strictly avoided, as they 
would form colored alloys with the aluminium and 
the solder. The use of the little tools of alumin- 
ium is an art which the workman must acquire by 
practice. At the moment of fusion the work needs 
the application of friction, as the solder suddenly 
melts very completely. In soldering it is well to 
have both bauds free and to use only the foot for 
the blowing apparatus. The solders used are of 
aluminium, copper, and zinc, (See the ones given 
by Eerl & Stohman, p. 250.) No. IV. is the one 
generally preferred, particularly for small objects. 
In order to make the solder, the copper is firat 
melted, the aluminium added, and the whole 
stirred with an unpolished iron rod, just as it 
comes from the forge, adding also a little tallow. 
The zinc ia then added, avoiding too much heat, 
which would drive it ott'. lu soldering, also, too 
high a lieat should be avoided for the same rcasou. 



Venebkisq with Alumisidm. 

Deville ia the first writer to make mention of 
this art : — 

" M. Sevrard succeeded in 1854 in plating alumin- 
ium on copper and brass with great perfection. 
The two metallic surfaces being prepared ia the 



^: 



onlinary maiuicr imil well scotiroil with saiid, tliey 
are placed one on tlie other and held tightly lie» 
twecii two iron pInloH. The pocket ia thoti hented 
to dark rwinoHW, at which temjionitiire it is Btroiigly 
coraproHMid. The veiiocr bccomoa very Srmly a,^ 
tavhed,aiid shcotsof it may be beaten out. I havt 
a BpoL-imen of such work [xtrfectly proservod. Thi 
delivnto point of the ojicrntion is to just heat thf 
packet to that point that the adherence may bt 
produced without fusing the ahimininiii, for what 
it is not heated quite near to this fusing point, tbi 
adherence in incomplete. Kxpertnienta of thil 
kind with copper and nliimininm foil did not am 
ceed, for as Hoon an any ndherenen manifested 
the two mctuls combined and the foil diMappeared 
into the copper. In an operation made at too low t 
temperature, the two nietidM, as they do not behave 
similarly on rolling, heuonie detached aflcr a fevr 
paBBos through the rolls. Hinco then, the experi* 
ments in veneering aluminium on copper, with or 
without the intorvontiou of silver, have Bucceeded 
very well." 

The only other artiele to ho found on this subject 
ia l>r, ClemenH W^incklor'a pai>er, from which w« 

tract the following : — •* 

"The qneation demands attention whether it ia 
not poBBible to coot certain metalrt and alloya with 
aluminium, and thorohy impart to them, 8up<»-fi' 



L 



• iDduiLrIc BUtti-r, 18T3. 
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mtlj at least, the advantageous propertica of that 
metal. The present high price of the metal does 
not stand in its way for this pnrpose; and it only 
remains now to decide whether it is practicable to 
coat CUP common metals, iron, copper, etc., with it. 
The question must at present be answered in the 
negative. Two methods can be used for covering 
one metal with another, gnlvanoplasty aud plating 
or veneering. The separation of aluminium by 
the galvanic current succeeds only by the use of a 
bath of molten anhydrous Al*CI*.2NnCI, melting 
at lti5° C. (329° F.), but the metal is deposited as a 
rou-eohereut powder, mixed with N!iCl,and there- 
fore the object of plating is not attained in this way. 
Ifo one has yet been able to throw down aluminium 
ina metallic state from aqueous solution, and itwas 
an error when Gore stated that he had coated cop- 
per with aluminium by means of a solution of Al'CI* 
inwater and a wealc galvanic current. Concerning 
tha coating of metals by the so-called plating 
method, it is indeed, according to my own experi- 
ence, possible to a certain degree, but the product 
ia entirely useless, every plating requiring an incip- 
ient fusing of both metals and their final intimate 
nnion by rolling. Tlie ductility of aluminium is, 
however, greatly injured by even aslightadmixturo 
with other metals ; iron makes it brittle and copper, 
in Bmall per cent, makes it fragile as glass. If now 
it were possible in any way to fuse a coating of 
^Qininium uix)n anotlicr metal, there would be 
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formed an iiitermcfliate alloy between the two 
metals from which all ductility would be gone and 
which would crumble to powder under the pressure 
of the rolls, thus separating the aluminium surface 
from the metal beneath. But even if it were pos- 
sible in this way to coat a metal with a thin plate, 
it is still doubtful if anything would be attained 
thereby. For, while compact aluminium resists 
oxidizing and sulphurizing agencies, the divided 
metal does not. In powderor leaves aluminium is 
readily oxidized, as is shown by its amalgam be- 
coming heated in the air and quickly forming alu- 
mina. In the form of a coating upon other metals 
it must necest^arily be in a eomewhat finely divided 
state, and hence would probably lose its durability," 



Gilding and Silverisg Aldminium. ^H 

Deville says: "The gilding and silvering of 
aluminium by electricity is very difficult to do 
satisfactorily and obtain the desirable solidity. M. 
Paul Morin and I have often tried it by using a 
bath of acid sulphide of gold or of nitrate of silver 
with an excess of sulphurous acid. Our success 
has only been partial. However, M. Mourey, who 
has already rendered great services in galvano- 
plasty, gilds and silvers the aluminium of com- 
merce with a surprising perfection considering the 
little time he has had to study the question. I 
also know that Mr. Christofle has gilded it, but I 
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am entirely ignorant of the methods employed by 
these gentlemen." 

Watts's Dictionary: " Eight grammes of gold are 
dissolved in aqua regia, the solution dihited with 
water and left to digest twenty-four hours with an 
excess of lime. The precipitate, with the lime, is 
well washed, and then treated with a solution ot 
twenty grammes of hyposulphate of soda. The 
liquid resulting serves for the gilding of aluminium 
without the aid of heat or electricity, the metal 
being simply immersed in it after being previously 
well cleaned by the successive use of caustic potash, 
nitric acid, and pure water." 

Kerl and Stohman: "Gilding and silvering 
aluminium galvanically does not offer the least 
difficulty. One can, by using a proper ground, 
coat it with silver and gold in six different colors, 
by employing the correct combination, such as 
shining or matt gold and silver or lead gray." 
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General licmark. — Mierzitiski : — 

" Alumiiiiiim unites easily with most motals, thflil 
coiiibiiiatioii being usually accompanied by 
diseiigugemeiit of beat. Quite homogeneous allojnil 
can be made, which for the most part arc e 
worked and have important applications. Th( 
alloys in general become harder the greater th( 
proportion ot'alumiuiuni, and become brittle if tl 
proportion passes a certain limit, which with g 
and copper is very low. On addition of a larg 
amount of aluminium than this limit allows, j 
and copper become wliiter, and at last entirely 1< 
■their color. The addition of other metals to aid 
minium imparts to it tlio same new propertioa. 
becomes brighter and aomewhat bardor,but,unit 
■with small quantiticB of zinc, tin, gold, or eilvi 
^remains malleable. Iron and copjier Impart to it 
no specially prejudicial qualities, if they are not 
present in too large (quantities. The alloys mout 
frequently used are those of copper, silver, and tin. 
These owe their numerous uses to their fine color, 
tbcir resistance to most chemical agents, and the 
ility with wliich tlioy may bo worked.'' 
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Aluminium and Silicon. 

Tissier: "As Deville has observed, silicon is far 
from injurious to the malleability of aluminium, 
the latter bearing it much as iron and copper do. 
We have had occasion to analyze a specimen of 
aluminium, which, although it worked with diffi- 
culty, was yet employed to make various objects, 
and yet, attacked by IICl, it left an insoluble resi- 
due of no less than 15.67 per cent. But, even 
admitting that this residue still retained some alu- 
minium with the silicon, we think that there was 
at least 10 per cent, of the latter in this specimen." 

Deville: "Any siliceous material whatever, put 
in contact with aluminium at a high temperature, 
is always decomposed ; and if the metal is in excess 
there is formed an alloy or a combination of silicon 
and aluminium in which the two bodies may be 
iinited in almost any proportions. Glass, clay, and 
the earth of crucibles act in this wav. However, 
aluminium may be melted in glassware or earthen 
crucibles without the least contamination of the 
metal if there is no contact between the metal and 
the material; the aluminium will not wet the 
crucible if put into it alone. But, the moment that 
any flux whatever facilitates immediate contact, 
evea sodium chloride does this, the reaction begins 
to take place, and the metal obtained is always 
more or less siliceous. It is for this reason that I 
have prescribed in melting aluminium not to add 
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any kind of flux, even when the flux would not be 
attucked by the metal. Among tlte fusible ma- 
terials which facilitate tho melting of aliimimuni, 
it is neeeasary to remark of the fluorides that they 
attack the siliceous materink of the crucible, dis- 
Bolviug them with groat energy, and thou the 
ailiceouB materials thus brought into solution are 
decomposed by tho uluminium with quite remark- 
able facility. Aluminium cliarged with Bilicon 
pi-eeenta quite different quatities according to the 
j»roi(ortiou of the alloy. When tho aluminium is 
in large excess, there is obtained what I have called 
the 'cast-iron' state ofahmtinium, by mcansof which 
I discovered crystallized silicon in lfi54. This 
'cast' aluminium, gmyand brittle, contains accord- 
ing t« my analysis 10.3 per cent of silicon and j 
traces of iron. When siliceous aluminium is ab> I 
tacked by hydrochloric acid, the hydrogen whieb J 
it disengages has an iufected odor, which I formerly I 
attributed to the presence of a hydrocarbon, bi^ 
which we now know is dae to liydiiigen silicide, SiH 
thanks to the fine experiments of MM. Wiihl 
and Buff. It is by the production of this gaa t 
may be explained tlie iron smell which is gi* 
out by aluminium more or less contaminated wfl 
silicon. But aluminium may absorb much laM 
pi-oportions of silicon, for, on treating fluo-siliol 
of potash with aluminium, M. Wohlcr obtained 
material still metallic containing about 70 per caJ 
of silicon, sometimes occurring ns &m]y separaU 
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crystals. Since I had the occasion in a work which 
I published on silicon to examine a lai'ge nnniber 
of these combinations, I found that they were much 
more alterable than pure aluminium or silicon, 
without doubt because of the affinity which exists 
between silica and alumina. I have, therefore, 
dwelt on and tried to explain the imjwrtance 
of this point in obtaining i>orfectly pure alumin- 
ium. I should say, in addition, that the metal 
now sold in commerce may contain either iron or 
silicon, according to the method of preparation. 
These two impurities are hurtful to most of the 
qaalities of the aluminium, and everything ought 
to be done to avoid their presence." 

Aluminium and Mercury. 

Deville : " Mercury is not able to unite with 
aluminium. Experiments of this nature which I 
have made myself, and which Mr. WoUaston has 
confirmed, prove it most clearly." 

Watt*: "According to Caillet, aluminium may 
be amalgamated by the action of ammonium or 
sodium amalgam, with water ; also when it is con- 
nected with the negative pole of a voltaic battery 
tad dipped into the mercury moistened with acid- 
ulated water, or into a solution of mercuric nitrate. 
Tissier* confirms this stiitement respecting the 

* Compt. Kend., xlix. 56. 
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battery method, aiirl adds that if the alum 
foil is not very thick it becomes amalgamated 
throughout and very brittle." Tiaaier alao finds 
that aluminium may be made to unite with mer- 
cury merelj' by the intervention of a solution of 
caustic potash or soda, without the intervention of 
the battery. If the surface of the metiit be well 
cleaned, or moistened with the alkaline solution, it 
is immediately melted by the mercury, and a shin- 
ing amalgam forms on its surface. The amalgam 
of aluminium instantly loses its lustre when ex- 
posed to the air, becoming heated and rapidly 
converted into alumina and mercury. It decom- 
poses water with evolution of hydrogen and forma- 
tion of alumina and mercury. Kitric acid attacks 
it with violence. J 

Watt« (First Supplement) states that aluminiu^| 
amalgam may be formed either by bringing th3 
aluminium in contact with mercury containing a 
small quantity of sodium, or by Joules's method of 
elt'ctrolyzing the solution of an aluminium salt, 
with marcury for the negative pole;* but the best 
method is to heat the two metals together in a gas 
which does not act on either of them. To do this, 
a piece of aluminium foil is placed at the bottom 
of a thick-walled test-tube, and well-dried mercury 
is poured on it, the tube having been previously 
drawn out at the middle to prevent the foil rising 

• Clicm. Gazette, 18B0, p. 839, 
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ie enrface. The air is then exjwlled by a 
stream of carbonic at-id gas and tbe tube is heated, 
without interrupting the current of gas, till tlie 
metal is all dissolved. 

Aluniinium amulgaiu decomposes in contact 
with air or water more quickly than sodium aniaU 
gam. When a few drops of an amalgam contain- 
ing but a small projKirtion of ahmiinium are left 
in contact with moist air, gelatinous, opalescent 
eserescencee of pure hydrated alumina are seen to 
form on their surfaces, exhibiting both in their 
form and mode of growth consiilerable resemblance 
to the so-called Pliaroali's serjients. This hjdrated 
alumina is |K'rfectly soluble in acids and alkalies. 
Water has the same eli'ect as moist air. Watts, in 
vol. viii., states that aluminium oxidizes when 
its surface is rubbed with a piece of soft leather 
impregnated with mercury. The rubbed surface 
becomes warm, and in a few seconds whitish ex- 
crescences ajijtear, consisting of pure alumina. 
The presence of mercury appears iietessary to 
Jiroduce the result 

ffreiny eays that Tissier has proven that alumin- 
ioiu previously contaminated with caustic potash 
or Boda combines easily with mercury. The alloy 
which results is very brittle, the aluminium in it 
deeomposes water, oxidizes easily in the air, and 
behaves as a metal of the alkaline earths. 
Qmelin* states that potassium amalgam intro- 

• Hand Book, vl. 3. 
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L duceil into a hole borerl in a crystal of alu: 
I immediately acquires a rotary motion, which lae 
[ sometimes half an hour. At the eame time, : 
I takes^up a eonsidoi'able quantity of aluminium &a£ 
[ becomes more viscid. 

Aluminium and Coppeh. 

Tissier Bros., 1858 : " Juet as copper inert 

' the hardness of aluminium, so aluminium in small 

1 proportions increases the hardness of copper. How- 

•r, aluminium does not injure its malleability, 

but makes it susceptible of taking a beautift"' 

polish, and, according to the proportions, varies H 

color from red gold to pale yellow. These fs 

wore aimounced some time back by Dr. Peri;y, % 

England, who made the alloy by introducii 

copper into the mixture of cryolite and sodiai 

which he was reducing. Wo have made lai 

quantities of these alloys, and we may say tl 

they leave nothing to be desired in regard to lust 

or color to make them perfect imitations of gol 

They alter much leae by successive fusions thi 

the alloys of copper with zinc and tin employi 

for the same object. A ten per cent aluminium 

. alloy was harder than our gold coin, took a fine 

' polish by burnishing, and had the color of pale 

I jeweller's gold ; it could be forged and worked the 

Vsame as copper. The five per cent, aluminium 

alloy WiiM less hard than the preceding, but, 1 
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it, tiikes a fine j)olisb, and in tint approaches 
nearly to puixj gold. The twenty per cent, alumin- 
111 rn alloy much resembles bismuth, having a 
w^hitish-yellow tint. This alloy crystallizes in 
large leaves and pulverizes in the mortar like bis- 
muth or antimony. Alloys with five to ten per 
cent, of aluminium may have their color changed 
at will, either by leaving in nitric acid, which 
takes away the copper and leaves the aluminium, 
or in hydrochloric, which leaves the copper. The 
resistance, hardness, and elasticity, which are 
communicated to copi>er by introducing small 
quantities of aluminium, will certainly make these 
important industrial alloys." 

Deville, 1859: "The aluminium and copper 
alloys with two to three per cent, aluminium are 
used by M. Christofle, who employs them for large 
castings of objects of art. They are harder than 
aluminium, and work well under the burin and 
chisel. The alloy with ten per cent, aluminium 
had its useful properties first described by M. 
Debray. It is very hard, can be beaten out cold, 
but with remarkable perfection when hot, and may 
be well compared to iron, wliich it resembles in all 
these physical properties. It is also very ductile. 
This ten per cent, aluminium alloy is^ usually 
known as aluminium bronze. It behaves as a true 
alloy, and, in consequence, will not liquate into 

different combinations. It is formed of — 
23 
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This is proven by the fact that, when in making 
the alloy the pure coppei- is in the crucible and a 
Lar of aluminium is added, the combination takes 
place with such disengagement of heat that if the 
crucible is not of good quality it will be fused, for 
the whole becomes white hot. 

" The color of the ingot of bronze ia exactly that 
of 'green gold,' an alloy of gold and silver. The 
bronze receives a beautiful polish, being comparable 
ill this regard only to ateel. Its chemical proper- 
ties do not differ much from those of moat of the 
alloys of copper. However, in numerous experi- 
ments, we have noticed that it resists most chemical 
agents much bett-er than these, especially eea-water 
and sulphuretted hydrogen. Its tenacity is equal 
to that of steel. M. Lechatelier made the follow- 
ing determinations on the metal cast into cylinders: 
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" A. Gordon made some experiments recently, i 
whith the strength of the aluminium bronze whid 
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he tested was 84.00 kilos per square millimetre. 
I made the teat on some wire, and the result I 
reached was 85.00 kilos; under the same condi- 
tions iron gave 60.00 and beat steel 90.00 kilos. 
According to experiments as to its wear as journal 
boxes, it is found to wear away leas tlian any other 
journal metal yet trie<i. 

" Its malleability ia almost jierfeot, as is seen by 
the following report of M. Boudaret, a practical 
engineer; First, aluminium bronze is malleable at 
all temperatures, from bright red to cold ; second, 
it ia perfectly malleable at red heat, breaking leas 
and elongating more than pure copper; third, it ia 
hard to roll in the cold, aft«r several passes it 
ceases to elongate and must then be annealed very 
often or it will break quickly; fourth, it results 
from the foregoing that it is beat to roll it at as 
high a heat as possible below fusion ; fifth, fLiuical- 
ing and tempering render it softer than simple 
annealing. If after having annealed at bright red 
heat it is let cool in still air to redness and then 
plunged into cold water, it is ductile and malleable 
enough in the cold to stand all industrial working." 

Mierzinski, 1885: "Two points are to be at- 
tended to in making aluminium bronze. Firat, a 
very pure copper nmat be used, the best is that 
electrically deposited, but it generally Cbsta too 
mnch. The next beat is the Lake Superior brand. 
The usual commercial copper gives all sorts of poor 
results, owing to the antimony, arsenic, tin, zinc. 
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or iron amtaminatiiig il.. The hrunzu loses \ty buing 
alloyed with ziiic or tin. Second, tbo alloy muBt 
be renielted two or tliree times to rcraovo ita britth 
jieas. In all probability, tho percentage of ah 
niininra increases by reraolting. Tho usual alloj 
are those with 1, 2, 5, and 10 ]>cr cent, alumininn 
The f> per cent bronze is golden in color, jiolitihe 
well, casts beautifully, is very mnlleablo cold or 
hot, and has gi'eat strength, especially after linr 
nicring ; ita defect is that it easily oxidiitcs ( 
tarnishes. The 7.5 per cent, bronze is to bo rocoii 
nieiidud as euperior to the 5 per cent. ; it has 
peculiar greenish-gold color, which tniikes it vei 
suitable'for decoration. All these good (lualiti* 
are posBessed by the 10 pur cent, bronze, It 
bright golden, keeps ita jiolish in tlie air, may bW 
easily engraved, sliows an elasticity mucih gi-catei 
than steel, and can be soUlorud with lianJ sohlei^ 
It gives good castings of all sizes and runs in sand 
moulds very uniformly. Thin castings come oiij 
very sharp, but if a casting is thin and suddenly 
thickens, small oft'shoots miiat bo made at thi 
thick place into whicli the metal can run and then 
soak buck into the casting a^ it cools and shrinka^ 
thus avoiding cavities by flhrinkago at the tliick 
part. Ita sp. gr, is 7,689, that of soft iron. Iti 
strength, when cast, ia between that of iron and 
steel ; but when hammered it is equal to best steol. 
It may be foi'ged at about the sauie heat as cask 
sted, and then lianiniercd until it is almost cold 
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without breaking or ripping. Tempering makes 
it soft and malleable. It docH not foul a file, and 
may be easily drawn into wire. Any part of a 
machine which is usually made of steel can be re- 
placed by this bronze. As a solder for it, Ilulot uses 
au alloy of the usual half-and-half lead-tin solder 
with 12.5, 25, or 50 per cent of zinc amalgam." 

Fremy : " By the addition of a small amount of 
copper, aluminium becomes hard, brittle, and takes 
a bluish-white color. The alloy with 5 per cent, 
aluminium is very malleable, but if over 10 per 
cent. Al is present the alloy cannot be used. 
The 10 per cent, bronze is now replacing ordinary 
bronze in the manufacture of articles which are to 
stand great resistance, such as axle bearings, 
weavers' shuttles, etc. Reflectors are also made of it, 
for the smoke of oil, like illuminating gas, does not 
tarnish it. By whatever method these bronzes are 
made, they are at first very brittle, but by a series 
ofsuccessive fusions and solidifications they may be 
made to acquire the necessary solidity and tenacity." 
Kerl and Stohman; "Most of the copper-alu- 
minium alloys are very brittle and easily oxidized. 
Only the 5 to 10 per cent, aluminium alloys are 
fixed, forgeable, tenacious, and of fine color. 
Alloys with much aluminium and little copper are 
not forgeable, and are bluish or grayish-white. 
With 60 to 70 per cent, aluminium they are very 

brittle, glass hard, and beautifully crystalline. 

23* 
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With 50 per cent, the alloy is quite soft, but under 
80 per cent, of aluminium the hardness returns." 

' Chemical News/ vii. p. 220, contains a long 
I)aper on testing aluminium bronze (10 per cent.) 
as to its suitability for the construction of astro- 
nomical and philosophical instruments, the work 
of an English Royal Engineer. He concludes his 
observations with these words : " It appears fron) 
these exj)oriments that the 10 per cent, bronze is 
far superior, not in one or in some but in every 
rcHpect, to any metal hitherto used for these instru- 
ments. Tts sp. gr. is 7.089, strength 78,185 pounds 
per square inch, to that of gun metal 86,000 ; it is 
malleable almost to its melting point, and can bo 
soldered with either brass or silver solder." 

'(yhomical News,' v. p. 188, contains a niiinbor 
of exj)erimcnts on the relative strengths of these 
alloys. The results are as follows, the numbers 
oxpresHing the results being merely relative: — 

strength. 
Ordinary ^uii mclnl, 11 per cont tin and 

89 per cent, coppor 10 

. 11) 

7 

8 

4 
. 10 
. 10 

15(^11 MroH., NcwcjiHtlc, give the sjiecific gravity 
of the ahnniniiim bronzes as being — 
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.3 per cent, alnrainiam . 8.691 

4 " " ... 8.621 

5 " " ... 8.369 
10 " " ... 7.689 

' Wagner's Jahresb.' vol. x., contains a long article 

on aluminium bronze, ten per cent., most of the 

facts in which have been already given. We may 

note that the melting-point of this alloy is there 

stated as about 650°. 

Bernard 8. Procter,* after describing thirty-one 
experiments comparing aluminium bronze and 
brass, sums up the conclusions as follows : — 

" From the above experiments it appears that 
aluminium bronze has a little advantage over ordi- 
nary brass in power to withstand corrosion, and its 
surface, when tarnished, is more easily cleaned. 
This should give it general preference where cost 
of material is not an important consideration, es- 
pecially if strength, lightness, and durability are 
at the same time desirable. It is out of my power 
to say anything about its fitness for delicate ma- 
chinery, except that its chemical examination has 
revealed nothing which can detract from the pre- 
ference its mechanical superiority should give it. 
Being so much less acted on by ammonia and coal- 
gas suggests its suitability for chemical scales, 
weights, scoops, etc. Its resistance to the action of 
the weather and the ease with which tarnish is 
removed render it especially applicable for door- 

* Gil em. News, 1861, vol. iv. p. 59. 
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jtlntcs, boll-lianilloR, ot^. Its mechanical strong 
and olicniiefll iimctivity logctliep ptwonimciid it ft* 
biiigew expoBod to the weather. In exiieriiiieutfl 1$,' 

t_S2, etc, the toiideiioy of hrawt to corrode on 
tdgea and at any roughneax on ita nurface will bC 
Spbfforvod, while the bronze is fi-ee irora this defccb 
pn Bovcral caoee the bronze seemed to ho nion 
quickly covered with a eligiit tarniMh which did( 

^not increase perceiitihly, jirobably the tarnish act 
tug as a jirotection to the metal; but the braM 
tliniigh lew* rapidly diHcoIored, continued t-o 1 
cormded and iipiiuruntly with incroamxl Hpeed i 
the motion won continued. The bronze u niorfl 
easily cleaned. For culinary voHHeta Its suporioritt 
to inetals now in use appears qii«Htionable. Vark 
oua phUoBoplncal instrnnientH are among the pur^ 
poses for wlihth the use of tlie brcinze uppean 
ad vantii goons, lliidonbtedly, the great obstacle tft 
ilB extensive application is ita high price, rewultiiig^ 
jiitrtly from tlie difticulty of getting Hufflcientljfi 
pure copper, tlie [iresence of a small amount of iro 
being very prejudicial." The author titnteii that b 
wrote the aiticte with a honie-tnadc i>en of alumitii 
iuni bronze, and suggests tliat it is Well worthy € 
the attention of pcn-nia)cer». 

Thurston* Buys: "The ten per cent, bronze ha 
a tenacity of al«>nt 100,000 pounds, coniprcsaive' 
strength 180,000 pounds, and its ductility andl 

• Mftlcrlnls ftir Eiij;lnciTlng. 
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are siicli ttint it docs not even crack 
wbun distorted by tliis load. It ia so ductile and 
malleable tbat it can be drawn down under a ham- 
mor to the fineness of a cambric needle. It works 
well, easts well, holds a fineaurtiiee under the tool, 
and when exposed to tlie weather it is in every 
respect considei-eJ the best bronze yet known. Its 
high cost alone has prevented ita extensive use in 
the arte. The alloys arc very uniform in character. 
Even one per cent, of aluminium added to copper 
caDse6 a coneidemble increase in ductility, increases 
its fusibility, am! enables it to cast well ; two per 
cent, gives a mixture used for castings which are 
to be worked with a chisel. It is softened by sud- 
den cooling from n red beat. Its coefficient of ex- 
piusiou is small at oi-diiiary temperatures. It has 
great elasticity when made into springs." 
Unettier makes the following remarks:^* 
"Mr. Strange's experiments in regard to the 
relative rigidity of brass, ordinary bronze, and alu- 
minium bronze showed that the latter was about 
forty times as rigid as soft brass and three times 
B« rigid as ordinary bronze. Under the tool, alumin- 
ium bronze produces long and resisting chips, and 
although not entirely unoxidizable, it is not so 
easily tarnished by air as brass, bronze, or steel," 
Knight :t "Aluminium bronze is more difficult 

" Metallic Alloys, by Guelllcr. 

i American Mucliaiilcnl Ditljoiiiiry. 
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to cut" than brass, but cuts very smooth and cleaiE 
li' lesa costly it would re[ilace red and yellow brass. 
In contact with i'atty matters or juice of fruit, no 
soluble inetallie salt is formed, which highly recom- 
mends it for varioua articles of table use." 

Cowles Brt)s.* thus describe the alloys of alumin- 
ium and copper wliich they make : — 

"In England the Aluminium Crown Metal Co. 
has for the past three or four years been turning 
out large quantities of aluminium alloys based on 
the price of $14.60 per pound for the aluminium 
in them. Even at the high prices charged, these 
Webster alloys have attained a great popularity, 
and are replacing German silver, brass, bronze, etc. 
Aluminium added to any of the common alloys, 
Buch as brass, German silver, or Britannia metal, 
adds greiitly to all their desirable qualities. Alu- 
minium bi-onze cannot only be used in all places 
where brass or bronze are now used, but it will 
likewise soon supersede iron and steel in many 
places; as for artillery. The maximum standard 
of strength demanded by the British and German 
governments in their wrought-steel guns, which 
cost from 50 cents to $1 per pound, is at present 
70,000 pounds tensile strength and 15 per cent, 
elongation. These guns could be cast of aluminium 
bronze, giving a greater strength and elongation, 
at far less cost, being made in oneKjuarter of the 



• Cowles' Pamphlet, April, 1886. 
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le and with s, comparatively inexpensive plant. 
The raelting-point of the bronze is somewhat below 
that of copper and its specific gravity is 7.23, It 
is without rival as an anti-friction metal, besides 
having the hardness, tenacity, and wearing qnali- 
ties of the best steel. It has also the jieciiliar 
unctuousness of copper and lead, being bo strong 
and tough that very small quantities of the rolled 
bronze may be used to bush boxes of cast or 
wrought iron, so that its first cost is less than that 
of the thick masses of brass or phosphor-bi-onze 
now used. The five per ccut, bronze makes beauti- 
ful wearing plumbers' goods, and can be used also for 
table articles, being free from the offensive smell 
and taste peculiar to brass. Aluminium in almost 
all proportions up to eight per cent, improves all 
brasses. Some it makes more ductile, in others it 
improves the color, and all are greatly increased in 
strength and power to resist corrosion. The alloy 
copper 67, zinc 2t>, aluminium 7 has a strength of 
96,000 pounds, while that of copper ti7, zinc 30, 
aluminium 3 has a strength of 65,000 pounds with 
12 per cent, elongation. When we understand 
that ordinary brass rarely has a tensile strength 
over 30,000 pounds, the extraordinaiy value of the 
itlmniuium eau be appreciated. The strength of 
these alloys on the testing machine is as follows :- 
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per cent. 

1 

7.6 
12.5 
41.7 
27.0 
25.0 
28.0 
2.0 
4.0 

Average commercial cast brass 23,000 Less than 10.0 

" The second alloy is made by mixing two parts 

five per cent, aluminium bronze with one part zinc. 

"The aluminium bronzes gave the following 

results : — 

Al Cu TeDBile streDgth, EloDgation in 
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(Sp. gr. 3.23) 



" The two 10 per cent, bronzes last given were 
plunged while red hot into water. Cowles Bros. 
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^now eelliiig 10 per cent, bronze at forty cents 
per pound." 

In regard to some alloya of aluminium and 
copper in which other metals are proeent,we would 
notice the following alloy's which have been made iu 
addition to those already incidentally mentioned. 
Aluminium can be nielteil with brass, argentan, 
etc., by which new bronzes are made of beautiful 
color, great hartiness, and polish, unalterable in the 
air, easily cast, etc. One per cent, of aluminium 
is eufiicient to modify the q^ualities of brass or tin 
bronze, while 2 per cent, shows a decided change. 
By taking ordinary bronze with 1 to 2 per cent, of 
zinc or tin, and adding 1 to 2 per cent, of alu- 
minium, alloys are obtained possessing additional 
qualities to those of aluminium bronze, and which 
can replace it in places and for purposes where the 
latter's qualities arc not so well suited. 

Besides these simple alloys we have those of 
copper with nickel, tin, zinc, bismuth, and alu- 
miniuni, in such quantities as to make any desired 
color or degree of hardness. The following has a 
beautiful whit€ polish, which is a close imitation 
of aiWer : — 

Copper 100 

Nickel 33 

iUominium 7 

F. H. Sauvage makes a metal riiwembling pure 
silver, which he calls Neogeu. It coutaius— 



278 ALUMINIUM. 

Cu 58 

Zn 27 

Ni 12 

8n 2 

Al i 

Bi i 

" Minargent" is a similar alloy, containing— 

Cu ....... 100 

Ni . 70 

8b 5 

Al 2 

To make this last alloy, the directions are first to 
melt together the copper, nickel, and antimony, 
and then granulate the resulting alloy in water. 
The dried granules are mixed with the aluminium 
and with 1.5 per cent, of a flux consisting of 2 parts 
borax and 1 part fluorspar, and then remelted. 

P. Baudrin makes an alloy very much resembling 
silver in color, malleability, ring, and even sp. gr., 
of the following composition : — 

Cu 75 

Ni 16 

Zn 2.25 

8n 2.75 

Co 2 

Fe ....... 1.5 

Al 0.5 

Jas. Webster* patents the following bronze: 
copper is melted, and aluminium added so as to 

* German Pat., 11,577. 
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make a 10 per cent, bronze, which is then mixed 
with 1 to 6 per cent, of an alloy of — 

Cu 20 

Ni 20 

Sn 80 

Al 7 

Thos. Shaw, of Newark,- N. J.,** patents a phosphor 
aluminium bronze, making the following claims : 
First, an alloy of copper, aluminium, and phos- 
phorus containing 0.33 to 5 per cent, of aluminium, 
0.05 to 1 per cent, of phosphorus, and the remainder 
copper. Second, its manufacture by melting a bath 
of copper, adding to it aluminium in the proportion 
stated, the bath being covered with a layer of palm 
oil to prevent oxidation, and then adding a small 
proportion of phosphorus. 

Cowles Bros, in their pamphlet give the follow- 
ing tests of the strength of aluminium-silver cast- 
ings: — 

Tensile strength, Elongation, 

pounds. per cent. 

5 p. ct. Al bronze, 1 part ; Ni 2 partg 79, 163 33.0 

" ** 4 parts ; Ni 1 part 118,000 

German ulver without aluminium 44,242 24.0 

" " with " 92,849 1.0 

Solders for Al Bronze. — Cowles give the follow- 
ing jeweller's solder for aluminium bronze: — 

* U. S. Pat., 803,236. Aug. 1884. 
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Hard Bolder for 10 j)or cent, bronze — 

Au 88.88 

Ag 4.68 

Cu 6.44 

Middling Imrd Bolder for 10 per cent, bronze— 

Au 54.40 

Ag 27.00 

Cu 18.00 

Soft Bolder for Al bronze — 

Cu 70 per cent. > u^^^^^ ^^ g^ 

Sii 80 ** ) 

Au .... 14.80 

Ag .... 57.10 

Cu 14.80 / 

i:^Ui('07i avd Aluminium Bronze, — Cowlcs Bros, 
have, by reducing fire clay in presence of copper, 
obtained alloyn of aluniinium, Bilicon, and copper. 
Thirt alloy in wbito and brittle if it contains over 
10 ])er cent, of aluminium and silicon togctber. 
Witb from 2 to (I per cent, of these in equal pro- 
l)orti()nH, tbc alloy \h stronger than gun metal, is 
very tougli, does not oxidize when heated in the 
air, and has a fine color. Oowles report that a 
silicon-aluminium bronze wire has shown a tensile 
strength of 20(),()()0 pounds, a strengtli hitherto 
unjjrecedontcd in any metal. 

Aluminium and Ikon. 

Tisnicr Hros., 1858 : "An alloy of aluminium 
and iron witb 5 per cent, iron was made by 
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placing very fine iron wire with fragments of alu- 
minium in a crucible containing melted NaCl. 
Under these circumstances the iron could not oxi- 
dize, and the alloy was easily formed. We have 
in this way been able to discover that small quan- 
tities of iron give to aluminium the property of 
crystallizing, and much impair its malleability. 
When aluminium has become low in price, it will 
be interesting to see what qualities it can com- 
municate to iron as cast iron or steel, introduced 
in large or small quantities. Iron raises the fusing 
point of the aluminium, for we have melted alu- 
minium free from iron on a plate of aluminium 
containing 4 to 6 per cent. iron. 

Deville, 1859 : " Iron and aluminium combine 
in all proportions. These alloys are hard, brittle, 
and crystallize in long needles, when the propor- 
tion of iron reaches 7 or 8 per cent. The alloy 
containing 10 per cent, iron much resembles sul- 
phide of antimony. It liquates, however, with 
some facility, leaving a less fusible skeleton, while 
less ferruginous aluminium runs down. But this 
method of purifying aluminium is not exact. The 
presence of a large quantity of iron in aluminium 
alters both its chemical and physical properties." 

Rogers:* "By melting a steel high in carbon 
with aluminium, alloys of steel and aluminium 
may be obtained. I have one containing 6.4 per 

♦ Monitcur Industriel, 1859, No. 2379. 

24* 
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oeiit, of tlio iBtUir. 1 moltt'il ll7 jiartu of IIiir aiUiy 
with r>00 of ntcol, «o tliftl llin rcftultiiip; 8to«l eoii- 
tnliiCMl O.K per cent, nluiniriiuin. TliU iiiotiil lm<l 
tlio riiiiilitioM of the lto>tt Hinnbay wont?;. A small 
per cent, of iiliitiiiniiini luiikcH ntool himl, xtroii^, 
anil hrittk', a liirger (iimiitity riuikoH it vory iIlmi-w, 
without inipiiiritig itx jioi'ulinr iwIihIi or dotntc'ting 
fmiii ito ({[iiilitii^i^." 

Freiiiy, 18S!}: " A'iiniiiniiim tinitos with iron 
with tliu greiitcut fiK^ility. To form an alloy it in 
nufHL'ioiit to Btir a rod of iron in incited iihiminlum, 
wlieri it covoni ilr^clf witli n ]ayt>T of nitiiiiiniiini 
nnil taketi on the aspect of being uinulganiiit«!i]. 
Tlio alloy with 6 per cent, iron is liiml, Iirittlc, 
and more difficult to fiitte thiiii alutniuiutn. Tlio 
7 l>fir eoiit. iron alloy po*?e8B08 the Kiinio proper- 
tioit, with a vryHtnllino Btnictiire- The 10 per 
coiit. iron alloy, ncconling to Devilki, ruMomhlw 
milpliide of antimony, Stj*S*. On tho other ham 
M. Debniy atHinia that 7 to 9 per etMit. ( 
iron in iiluniiniiiin L'aiisos no apprccinhlo c-hiiiigar' 
itH proportiett. By melting ten i)urt« nliiminiui 
five piirtw ferric ehloride, luid twenty partB K 
and Niidl, MiL-hel obtiiliietl on cofiHng a ml 
which, treated with very dilute unlphuric tuA 
left Hix-Hidod priHniH having the color of iron oi 
the formula Al'I'V, containing fil per cctit, F« 
Calvort >uid .Iolin«on ohiained tlio alloy Al'Fi 
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containing twenty-four per cent, aluminium and 
seventy-six per cent, iron, which was unalterable 
in moist air (see p. 210). The alloy AlFe*, con- 
taining 10.8 per cent, aluminium, has been pre- 
pared by melting two parts aluminium, five parts 
sheet iron, and one part of chalk. It is easily 
worked and rolled, but rusts on contact with the 
air." 

Mierzinski : " A few per cent, of aluminium is 
useful in making cast steel, to which it imparts 
greater hardness and a bright silver-like polish ; 
0.8 per cent, aluminium gives steel all the qualities 
of best Bombay wootz, and objects made of it, 
treated with dilute sulphuric acid, give the undu- 
lating markings generally found only on Damascus 
steel. Stoddart and Faraday found in wootz 
steel 0.013 to 0.690 per cent, of aluminium. An 
alloy of 24.5 per cent, aluminium is silver white, 
extraordinarily hard, and does not rust in the air. 

Mitis castings :* " The subject of the use of alu- 
minium in wrought-iron castings was discussed at 
the meeting of the American Society of Mining 
Engineers, Pittsburgh meeting, on Feb. 16. It 
was described by the inventor, Mr. Peter Ostberg, 
of Stockholm, and as his paper has not yet appeared 
we give a few particulars which may be of interest. 

"Wrought-iron scrap is melted in plumbago 
crucibles in a special reverberatory furnace fired 

♦ Eng. and Mining Journal, Feb. 27, 1886. 
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■with petroleum. The crucible is eovei-ed, while »' 
hole in a cover corresponds with and is directly 
under a hole in the roof of the furnace. "Wrought 
iron fuses at about 4000^ F., and it would be neces- 
sary to heat it far beyond its jjoiut of fusion before 
it would bo fluid euough to cast into tine moulds 
and to make it possible to handle it before it would 
solidify. Now it ia in this suiierheating that the 
iron absorbs gases, and consequently it is impossible 
to make solid castings in this way. In order to 
obviate this difficulty, Mr. Ostberg has made use 
of the well-known tact that certain alloys of metals 
possess 8 fusing point mueh less than that of the- 
metals composing them, among which aluminium 
alloys are very noticeable. In making wrought- 
ii-on or mitis castings a very small quantity of alu- 
minium, about 0.05 per cent., is added to the charge 
in the crntihle the momeut it has been melted. 
The charge is about sixty pounds. The aluminium 
is added in the form of an iron-aluminium alloy 
containing 7 to 8 per cent, of aturaiuium. The 
fusing point of the whole is at ouce lowered 
some 500 degrees, and the charge being then 
nearly 500 degrees above its new fusing point be- 
comes extremely fluid and can be cast into tho 
finest moulds ; while the great ditference between 
its temperature aud its reduced fuaiug point gives 
all the time necessary for manipulating it without 
danger of solidifying. This extreme fluidity 
allows the ready escape of gases which would 
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otiierwUe make the casting poronB, and tlit; result 
appears to be a remarkably fine, solid, and tough 
costing of wrought iron. 

"These niitis castings are said to be 30 to 
50 per cetit, stronger than the iron from wliich 
they are made; but, although aluminium uiidoubt^ 
edly increaoes the strength of most metals with 
which it alloys, it is not cre<lited with the increase 
of strength in this case ; for it is said that after 
hammering, the mitis metal loaee its increase in 
Ktrength and returns to tiie fibrous appearance and 
Btreiigth of the original iron. 

"The alloys of iron and steel with aluminium 
have long been known, and reference is made to 
the addition of such an alloy to steel by Faraday, 
only a few years after the discovery of aluminium ; 
but this application to wrought iron eastings 
ippears to he new and is certainly very interest- 

iug. 

"The alloy used by Mr. Ostberg at his works in 
Worcester, Mass., is made by the Cowlcs Klectric 
Smelting Co., and contains 6 to 8 per cent, 
aloniinium and 1 to 1.25 per cent, of silicon. It 
costs about forty cents jier pound, but as only 0,05 
per cent, slurainium is required in the iron, 
fte addition to its cost is very slight. This utili- 
zation of the well-known property of aluminium 
to lower the fusing point of the iron is a very neat 
aed clever application of a curious phenomenon, 
and it is said to succeed very well. Whether it 
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will also facilitate the making of small Btt 
iugs is not stated, but it would probably in this 
case make the metal more fluid and obviate the 
necessity of using tliose extremely high heats 
which are necessary to cause the steel to melt and 
ruQ well into the moulds," 

Mr. Ostberg sent a note to the ' Engineering and 
Mining Journal,' stating that he used only a small 
sample of Cowles' alloys, but that he uses almost 
altogether a 7 to 8 per cent aluminium alloy, 
made in Sweden by a very simple and cheap 
patented process, which consists in adding clays in 
iron smelting. 

The following note, bearing on this subject, is 
from Watts: "The 'London Mining Journal' 
states that if common kaolin is added to iron when 
being smelted in a crucible to convert it into steel, 
an improved product is the result." Aside from 
this note, the author has been unable to find any 
reference to the process suggested by Mr. Ostherg. 

Mr. Sellers, of Philadelphia, remarked after the 
reading of Dr. Hunt's paper on the Cowlee furnace 
at the Washington meeting of the National Acad- 
emy of Sciences, April, 1886 (see p. 196), that he 
had made a series of experiments on the use of 
aluminium with iron in casting, and obtained 
what is technically called a " dead melt" in two or 
three minutes, instead of an hour as required by 
previous methods. The result is very fine castingi, 
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and without the flaws which so oft^n vex the 
founder. 

A company has been incorporated in New Jersey 
within the last month to regulate the use and sell 
rights to use Mr. Ostberg's patents. Mr. Fritz, of 
the Bethlehem Iron Works, is one of the heads of 
the company, which includes other prominent 
Bethlehem capitalists. 

Aluminium and Zinc. 

Tissier Bros., 1858: "An alloy with 10 per 

cent, aluminium is brittle, has the appearance of 

zinc, is more fusible than aluminium, and less 

80 than zinc. An alloy with 25 per cent. 

aluminium has a fine even grain, and is still more 

fusible than aluminium and less so than zinc. An 

alloy with 50 per cent, did not appear to be 

homogeneous ; heated on an aluminium plate it 

separated into a fusible portion and a part which 

did not melt till the plate did. These alloys have 

been tried as solders for aluminium, and so far 

have succeeded better than any other alloys, but, 

unfortunately, when melted they are thick and 

cast with diflSculty, so much so that it is necessary 

to spread them over the joint as a plumber does 

when he wipes the joints of lead pipes. Joints 

thus made stand hammer blows or rough usage 

very poorly." 

Deville, 1869 : " The alloys of aluminium and 
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zinc lire brittle, at least unleeB the xinc is in smal ^ 
proportion. Several apecimens of ziiicit'erous alu- ■ 
minium were put into commerce by a singnla^c^^ 
accident; the retorts used for making fbe alumin— -»- 
ium were made at the Viollo Montague Zinc Works -^» 
and havinfj in their mixture some graund-up ol^S::^ 
zinc retorts, the new retorts containi^d zinc, whictr^ 
got into the aluminium and altered its proj>ertie^^ « 
in u very evident manner. Some analyses of thi^^ s 
metal having been made in Kngland, some assertet^^^ 
that French aluminium was only an alloy to whit'l»:=^^ 
zinc gave a fusibility which might be wanting ii^=> 

pure aluminium. The alloys of zinc and aliunin^ 

ium have been used in exporiments to solder alu 

minium solidly, but so far with little succcta — 
Zinc unites easily with the aluminium, altering itj# 
properties when exceeding a few per cent." 

Kerl and Stohman, 1874 : "Zinc and alumin- 
ium melt*d together in atomic proportions under 
a cover of NitCI and KOI unite with incnndescence, 
forming a silver-white, very brittle, crystalline alloy, 
with n specific gravity of 4,682." 

Fremy, 1888: "The alloys of zinc and alu- i 
minium arc employed to solder aluminium. They 
will take a very fine polish. The alloy with three 
per cent, zinc is yet malleable, but that with thir 
per cent, aluminium is white, crystalline, and very J 

ttle." 
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BlPRsttier Bros., 1S58 : An alloy with 3 per cent, 
fill is very brittle, a little more fusible than 
aluminium. It was made by combining tbc metals 
under a cover of NaCl, then remelted alone, and 
east. Its grain is very fine and crossed, and it 
breaks at the first blow of the hammer. If tin, 
even in small quantities, injures the qualities of 
alaminium, the latter, on the oontrary, gives to tin 
hardness and tenacity, if it ia not present in too 
large an amount. The alloy with 5 per cent, 
aluminium po^esses these desirable qualities. The 
alloy with 10 per cent, ia not liomogeneous, for it 
arranges itself in the ingot in two layers, an upper 
brittle one, a little more fusible than aluminium, 
another lower one containing nearly all the tin but 
[ tendered harder and less fusible by a small qiiau- 
I tity of aluminium. These alloys have been used 
I to solder aluminium because of their fusibility and 
1 the ease with which they adhere to a clean surface, 
but they have the same inconveniences as the zinc 
folders, they run thick and are fragile. 

Deville: Tin unites easily with aluminium, 
altering its pi"0j>ertie8 as soon as the proportion 
has passed a few per cent. These alloys may be 
Ufled to solder aluminium, but they answer imper- 
fectly. 

Kerl and Stohman: The aluniinium-tiu alloys 
with over 30 per cent of the former are silveP* 
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white, but porous antl brittle. The 19 per cem! 
mid especially the 7 per cent, aluminium alloya 
are, on the contrary, malleable and workable at o- 
red lieat, 

Freiny: A small quantity of tin renders alu- 
minium brittle, but a small percent, of aluminium 
alloyed with tin rendera it harder and more elastic. 
Such an alloy, beeidoe being easy to work, may 
advantageously replace tin in many of ita nsea. 
The alloys most recommended are those with 6, 7, 
and 19 per cent, of aluminium. 

Mierzinski: Ahimininm and tin unite in cer- 
tain proportions, but the tin will not combine with 
more than 7 per cent, of aluminium, for the 10 
pep cent, aluminium alloy is no longer homogeneous 
but on cooling liquates away a more fusible and 
leaves a less fusible alloy, the latter being richer 
in tin. An alloy with 8 per cent, aluminium is 
harder than tin and less acted on by acids. The 
7 per cent, uluminiuin alloy is especially recom- 
mended as being easy to work, capable of being 
polished, but possessing the drawback that it can- 
not be meUed without a ]iurt (jf the tin separating 
from the aluminium. 

M. Bourbouze,* a French physicist, employs an 
alloy of aluminium and tin for the interior parts 
of optical instruments, in place of braHs. The 
alloy contains 9 per cent, of tin. It is white, like 

• Iron Age, July 28, 1888. 
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aluiDiDium, and has a density of 2.85. This light- 
ness J3 of great advantage. It can be soldered aa 
easily a8 brass, without special apparatus, and ie 
more resistant to reagents than aluminium. It 
■would be very nsefiil for electrical instruments, 
eBpecially those of a portable character. 

Alumisiuu and Lead. 

Tiwier: As Deville has remarked, these two 
metala have such little tendency to combine that 
there may be recoveretl intact in the bottom of an 
ingot of alumininm anysmall pieces of lead which 
my accidentally have got into the metal. 

Deville: Lead unites only imperfectly with 
aluminium. However, an alloy may exist iu cer- 
taiu proportions, especially at the temperature 
necessary to the cupellatiou of aluminium. The 
CQpellation of aluminium with lead is quite poa- 
eible. 

Eerl and Stohmau : Aluminium does not unite 
with lead. 

Mierzinski: Aluminium and lead do not unite. 
By melting the metals together and cooling down, 
they are found separated from each other, the 
aluminium above and the lead beneath. This 
property suggests the possibility of using it to 
separate silver from work load, as soon aa its price 
allows. 
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Aluminium JtND Antimony. 



TiHMior: Alumiiiiutn aI«o nppoam to \\&\c. as 
littlo tciidciioy to unite with nntiniony bh with 
lend ; we did not succeed in getting a homoge- 
iioouB alloy of thci two iiiotnlH. 

Kerl ami Stolinmn : Ahnniiiiiini dooK not unite 
with antimony. 



Ai-UMiNitiM AND Bismuth. 
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TiMHior : Tlio ('omiMQution of Uieso two met 
takcH place oaeily and givew r'we to very fuHible 

■ alloyH, which oxidizu very rajiidly wlien int>]t«d. 
Tliey aro also very alttirablo in thoaip at ordinary 
tern pemtii red when the IjiHmiitii in in large i>or 
cent. However, thoHO luetalK do not apjwftr able 
to unite in all firoportions, an the following cxptiri- 
niont xcotnn to iirovo. Wo nioltod togolhur 10 
grnifl. aliiniiniuici and 20 grniH. biHmnth. Tlio 
ooiubiiiation took place nndcr NaCl, and although 
it was Htirred carefully the button appeared to Ui 
of two layem, the lower one conipoBed of alinoMt 
pure biHrniitb, and the upper one more niatleubli-, 
detachable from the lower by a blow of thu 
hammer, and weighing 111.45 grmn. Bup^HMltig 
^_ that this latter contained all the aluminium (thero 
^H Appeared to be none in the other layer), then the 
^H alloy woH compOHCil of nearly 75 jier cent, alumiu- 
^^L iiimnnd 2G percent. biMimth. Thu»t the aluminium 
^^Hiid not aptH^nr able t^i tiikc np over 26 per cunt, of 
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bismuth. The alloy containing 10 per cent, bis- 
muth is hard, malleable, takes a fine polish, is 
unattacked by nitric acid, and not blackened by 
sulphuretted hydrogren. We say it was malleable 
because it could be worked to a certain extent under 
the hammer, and we thought it could be easily 
drawn out, but in spite of frequent annealings it 
split in all directions and we had to stop working 
it. We tried, by diminishing the per cent, of 
bismuth, to take away this bad quality, and to 
this end prepared alloys with 5, 3, 2.5, and 0.5 per 
cent, of the latter, but without obtaining satisfac- 
tory results. 

Watts : One-tenth of one per cent, of bismuth 
renders aluminium so brittle that it cracks under 
the hammer after being repeatedly annealed. 

Aluminium and Nickel. 

Tissier : The alloy with 50 per cent, nickel was 
made by melting together the metals in equal pro- 
portions under NaCl ; the heat evolved was suffi- 
cient to raise the mass to incandescence. This alloy 
remained pasty at the temperature** of melting 
copper. It is so brittle that it pulverizes under 
the hammer. By melting proper proportions of 
this alloy with more aluminium, an alloy with 25 
per cent, nickel was produced. This is less fusible 
than aluminium, and as brittle as the 50 per cent, 
alloy. By melting some 25 per cent, nickel alloy 

25* 
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with ttluiiiiiiiiiiii, a S per cent, nickel ailoy i 
olitainod. TliiB is mucli Iubb brittle than tho pro- 
ctwlitig, but is Btill very far fi-om buiiig ewty to 
work. From the 6 jier cent, alloy oiio with 8 per 
cent, waa made. With this amount of nickel the 
aluminium acquired much hai'dnuHR and rigidity, 
and waa easy to work. A curiouH fact with this 
ailoy is tiiat it may be molted on a plato of alu- 
minium, showing its fusion point to he loss than 
that of pure aluminium, the roverao effect to what 
iron produfos, which if present in the name pro- 
portion would diminish the fusibility of the 
aluniinium. To sum up, the action of nickel on 
aUiminiiim is much analogous to that of iron, for 
nickel, like iron, pnnlncos crystalline alloys with 
aluminium, and if employed with care gives to it 
certain deHirahlc qualities such as hardness, vIbB' 
ticity, etc. 

Micr/,inski: To alloy aluminium with nickel a 
certain limiting quantity of nickel must not bo 
exceeded. When the latter is present less than S 
per cent., it hehaves similarly to iron In improving 
the quulitiea of the aluminium in many ways, 
especially in hardness and elasticity, More than 
8 per cent, makes the aluminium brittle and un- 
workable. 

Argentan has a beautiful color, and takes a high 
polish, it contaiuB — 
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Ilinargent contains — 



Aluminium asd Silver. 

Tiaeier: Silver is the metal which eeems mont 
asefUl hi improving aliimininm. Five per cent, 
silver gives to aluminium elasticity which is want- 
ing in pure aluminiuni, increases its harduosa and 
"its capability of being polished, and does not injure 
its malleability. We have sold a quantity of these 
alloys, the projwrties of which we will describe. 
All the alloys up to 50 per. cent of silver are more 
fasible than aluminium, the fusibility increasing 
with the amount of silver. The alloy with 33 per 
cent, silver is fusible enough to servo for a solder ; 
bat, like the alloys of alnminium with zinc and 
tin, it casts with difficulty and makes a brittle 
joint. With 10 per cent, silver the aluminium 
will not stand under the hammer. The 50 per 
cent, alloy breaks like those of copper. The pi-ea- 
enee of silver in aluminium can always be recog- 
nized by the action of the alloy on a moderately 
concentrated solution of caustic potash. Alumin- 
ium whitens in this solution, but, if it contains 
silver, this being exjiosed by the dissolving away 
of the aluminiuni gives the surface a black color. 
By introducing 5 per cent, of ninniinium into silver 
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the latter acquii-es llie liai'dneas of silver coin, the ' 
alloy tukes a beuiitifu] polish, does uot eontaiti oe 
altemble a metal as copfjcr, ami contains 95 per 
cent, of silver iiisttwl of 'JO, This alloy is easily 
distinguiBhed frara the alloy into wliieh copper 
enters by the test with nitric acid, which whiteus 
instead of blackening it. 

Deville; A few jter cent, of silver will tab 
away from uluniinium all its malleability, llow*^ 
ever, the alloy with 8 per cent, is used by M. 
CliristotiG for casting objects of art ; and the alloy 
with 5 per cent, to make knife blwles, and it may 
be worked like pure aluminium. It has, moreovei ~ 
the color and lustre of silver, and is not tarnis' 
by sulphuretted hydrogen. 

Keri and Stohman : Acconling to llirzel, the 
alloy containing 20 per cent, aluminium is very 
porous, silver-white, tarnishing in the air, sp. gr. 
6.783. AlAg', containing 11.11 per cent, alumin- 
ium is also silver-white, a Httlo porous, tarnishes 
in the air, ap. gr. 8.744. AlAg*, containing 6.9 per 
cent, aluminium is pure Bilvcr-white, very malle- 
able, fopgeable, tarnishing in the air, sp. gr. y.376. 

Fremy : The alloys of aluminium and silver are 
easy to form by direct fusion of the two metals; 
their hanlnesa is generally superior to that of 
aluminium, but, nevertheless, they are quit« as easy 
to work, and in some oascB more fusible than it. 
Debmy states that the 50 per cent, alloy is as hard 
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Mierzinski : Five per cent, of silver makes alu- 
miiiiniu etaetic nnd as liard as coin silver, but not 
brittle. This alloy is workable like pnre alumiii- 
ium, takes a tine polish, is tight, not magnetic, 
does not rust, and has the color of pure silver, 
whose place it can take for many pnrposes. How- 
ever, the assertion that this or any other alloy of 
Bilverand aluminium is not attacked by hydrogen 
sulphide is incorrect and untenable, since, according 
to careful experiments, these alloys are attacked 
quicker and more actively by it than pure silver. 
This alloy is used for watcb-epriiigs, dessert-spoons, 
etc.,on account of its hardness and elasticity. The 
alloy with 3 per cent, silver has a very fine silver 
color. The 50 per cent, alloy is as hard as bronze, 
but so brittle that it cannot be pressed ; all the 
alloys with over 10 per cent silver up to the 50 per 
cent, alloy arc brittle and cannot be worked with a 
hammer. 

"Tiers Argeuf'is an alloyof two-thirda alumin- 
ium and one-third silver, which was made homo- 
geneous at first with some difiiculty but is now 
easily made. Spoons, forks, and salvers of this 
alloy leave nothing to be desired, It possesses a 
hardness superior to silver, and can be easily en- 
graved.* 

Cowles Bros, state that what is generally known 
and sold as aluminium silver is an alloy of alu- 
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niiniimi, nickd, fliul i-opfior; op, in effect, it in aln- 
iiiiniiim lulilud U) Uuniiiiii oilvtir. Thu great 
a<lviuitftge of \.\m iiiutal ix Unit it will keup its 
bcniitiful wliiki liiHtro for all time, and [)urmit« of 
obJL'CtM being niiulo from it iti an enduring and snlj* 
Btaiitial manner. ItrwiiilruH no plating of an^ kirnl. 

Aluuinium and Gold. S 

Tinnier: Aluminium ondurett a largo quantity tif*' 
gold without itM duetility being impaired. "We have 
prt-'pareil an alloy with 10 per cent, of gold which 
workwiit a red lieat as well aHah|[ninium,iH a little 
hai-derbut Hfjii-coly poIiMheniiny hotter than it. IIh 
color, for Honie i;anMe, in darkiih hrown, like that 
of tin lightly sulphurized. The alloy containing 
Ifi ]M*r L-ent. gold can no longer be forged. An to 
the cft'ect of nniall quantities of aluminium on gold, 
5 per cent, of it givos to the latter a whit* color 
and makes it brittle at glawH. 

Fremy : The alloy with one percent, aluminium 
pOKHOHacB tbo color of " green gold ;" it is very hard 
but yet malleable. The alloy with 10 per cent, 
aluminium \» white, crystullino, and brittle; the 
alloy with 5 por cent, is brittle as gloMs. 

MierziuHki : Ahnninium can take up m much ai 
10 per cent, of gold without its nmllcubility do- 
creaHing. This alloy can bo forged, but not well 
polished. The color of the gold hax entirely dis- 
appeared, seeming to have no effect on tho alumin- 
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Aluminium and Platinum. 

Tissier : Alumininm unites with platinum with 
great ease, formins: with it allovs more or less fusi- 
ble according to the proportions of aluminium. 
Five per cent, of platinum makes an alloy not mal- 
leable enough to be worked ; it is probable that by 
diminishing the amount of platinum a suitable 
alloy might be produced. In color it approaches 
that of gold containing 5 per cent of silver. 

Aluminium and Cadmium. 

Deville: Cadmium unites easily with alumin- 
ium. The alloys are all malleable and fusible, and 
may be used to solder aluminium, though imper- 
fectly. 

Aluminium and Boron. 

Deville: "By melting aluminium with borax, 
boracic acid, or fluo-borate of potassa, an alloy 
very rich in boron was obtained. This alloy, like 
siliceous aluminium, possesses the singular prop- 
erty that the boron diminishes all its useful qualities. 
The alloy is very white, only able to bear slight 
bending, and tears under the rolls. It exhales a 
very strong odor of hydrogen silicide, SilT*, with- 
out doubt due to the silica of the vessel which was 
attacked at the same time as the borax. M. 
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Wiihler and I liavo hIiowh thiit tiiu boron miiy b 
oxtrartecl from this alloy in two difforetit forma, 
tlie grajjliitoidal mid tho diumantitie boron." Be- 
villo gives at the end of hia volume on nluminiun* 
tbu modo of prepamtioii of ilih diumaiitiiic boron. 



Aluminium and Cardon. 
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Uevillu : I was not able, hy any effort I 
to conibino carbon with aluminium. On deoom^ 
jiosing carbon tetnichloride, 001*, by aluminium, 
tboro is formed ordinary carbon, while tho alumin- 
ium which rcmaiiiH hiis undergone no change. 

Oowlea: Hpeoimens ot'alb)yB of aluminium and 
Ciirhon, yollow and cry stall iuo,liavo been exhibited, 
which wcra made iu the Oowlon furnaco. 
p. 195.) 



Aluminium and Gallium. 
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Watts: Lccoq dc Boisbaudran mukea tha 
lowing remarks : " If the j)roportion of aluminium 
IB to he coiieiderable, the two metaU are melted 
togetiier at dull redness. Tho alloys thuH obtained 
remain brilliant, and do not souBibly absorb tho 
oxygen of the air in their preparation. After 
cooling they are solid but brittle, even when the 
excess of aluminium has raised the melting point 
to incipient rednesB. They decompose water in 
the cold, but better at 40'-', with vine of tcnipei 
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ture, evolution of hydrogen, and formation of a 
chocolate-brown powder, which is ultimately re- 
solved into white flakes of alumina." 



Aluminium and Titanium. 

"Wohler* fused in a clay crucible 10 grms. of 
titauie acid, 80 grms. cryolite, 15 grms. each of 
NaCl and KCl, and 5 grms. of aluminium. This 
was kept at the melting point of silver for one 
hour and then opened. The aluminium had 
become lammelar, and when dissolved in caustic 
soda left a quantity of brilliant, crystalline plates, 
found to be a compound of aluminium, titanium, 
and silicon. The elements of the compound appear 
to be able to unite in various proportions. Its 
density was 8.8. It was infusible before the blow- 
pipe, but heated to redness in chlorine it burnt, 
giving chlorides of the three metals present. 
Another experiment, heated only to the melting 
point of nickel, gave a white compound richer in 
silicon, sp. gr. 2.7. 

Alloysf of aluminium with wolfram, molybde- 
num, and manganese were made by Michel in 
Wohler's laboratory, on which the following report 
is made : — 

♦ Chcm. News, 1860^ p. 810. 
t Ibid. 
26 
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Aluminium and Tungsten. 

A1*W was made by fusing together 15 grms. 
tuiigstic acid, 80 grms. cryolite, 16 grms. each of 
KCl and NaCl, and 15 J5rms. aluminium, at a strong 
red heat. The excess of aluminium was removed 
from the regulus by HCl. The alloy is an iron- 
gray powder, crystalline, single crystals were 
several millimetres long, brittle and hard rhombic 
prisms. Sp. gr. 5.58. Hot caustic soda extracts 
all the aluminium from these crystals, leaving 
behind pure tungsten. 

Aluminium and Molybdenum. 

Molybdic acetate is dissolved in hydrofluoric 
acid, the solution evaporated to dryness, and the 
renidue mixed with cryolite, flux, and alumin- 
ium, in the same proportions as given for tungsten. 
Excess of aluminium is dissolved from the product 
with caustic soda, and there- remains a black, 
cryHtallinc powder consisting of iron-gray rhombic 
priHrns, soluble in hot nitric or hydrochloric acid, 
and consisting entirely of aluminium and molyb- 
denum. 

Aluminium and Manganese. 

Wo fuHcul together 10 grms. anhydrous manganese 
chloride, 15 grn)H. cmdi of KCl and NaCl, and 15 
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grms. aluminium. The excess of aluminium was 
removed by IICl. There remained a dark-gray, 
crystalline powder consisting of square prisms, spe- 
cific gravity 3.4. Dilute caustic soda extracts all 
the aluminium from these, leaving the manganese. 

Aluminium and Sodium. 

Deville : Aluminium unites easily with sodium, 
especially in small proportions. From this it fol- 
lows that the properties of the metal made care- 
lessly by using sodium are completely altered. 
The last traces of sodium can be removed only with 
great trouble, especially when the aluminium has 
been produced in presence of fluorides, because of 
the marked aflSnity of aluminium for fluorine at 
the temperature at which aluminium fluoride, 
Al'F*, commences to volatilize. • 

Fremy: Aluminium easily combines with so- 
dium. If the combination contains 2 per cent, of 
sodium, it easily decomposes water, which circum- 
stance gave cause to the notable loss of aluminium 
when it was first being manufactured. 

Aluminium and Nitrogen. 

Dr. Hunt,* in reading a paper on the Cowles 
furnace (see p. 196), showed a specimen of a pecu- 
liar alloy believed to consist entirely of aluminium 
and nitrogen. 

* Washington Meeting, Nat. Acad. Sciences, April, 1886. 
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Native Sulphate of Alumina. 

In the summer of 1884, a large deposit of rock called 
** native alum" was discovered on the Gila River, Sorocco 
Co., New Mexico, about two miles below the fork of the 
I^Utle Gila and four miles below the Gila Hot Springs. 
'I^he deposit is said to extend over an area one mile square 
^nd to be very thick in places. The greater part of the 
niineral is impure, as is usual with native occurrences, but 
^t is thought that large quantities are available. A com- 
pany formed in Sorocco has taken up the alum-bearing 
ground. Through the kindness of Mr. W. B. Spear, of 
Philadelphia, I was enabled to get a specimen of it. 

It is white, with a yellowish tinge. On examining 
closely it is seen to consist of layers of white, pure-looking 
material arranged with a fibrous appearance at right 
angles to the lamination. These layei-s are about one- 
quarter of an inch thick. Separating them are thin layers 
of a material which is deeper yellow, harder and more 
compact. The whole lump breaks easily and has a strong 
alum taste. On investigation, the fibrous material was 
found to be hydrated sulpltate of alumina, the harder 
material sulphate of lime. 
It is probable that this deposit was the bed of a shallow 

26* 
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laku in wliiitli ilie ulum-lfeiiring wnler Croin [he lint «|)rii 
concontrutKil and depmilud tlic siilpliiil« of alumina. 
pHriodiRally, or during fresholB, the Little Gilai flowing 
tiiroiigh a limcBtono couniry, bore into tliii lake wnler 
conialoing; lime, wUicb, inedting the AI*(SO')' Holulton, 
Inimediulfll/ RiiuBi;d a dqmsit of CiiKO*. Wliitn the dry 
•tiUBon cume, llie LUtlo tiiln drii^d up, the dejjoHit af'aliii&. 
was made, and thus were forinud the succesaion of luyei 
through the deposit, 

Anulytfis showed 7 tn R per cent. inKoluMe materil 
■Uid the remaindur A1'(S0')'-'**I''0. A »miill umount 
iron waa prosenl. 

Decomi-osition of Cietolite. 

According to a patent given to F. Laulerhorn (uMj 
206), cryolite can be deconipoiied by boiling with wata 
■odium fluoride going into solution and aluminium Qat 
ide remaining as residue. 

) teat tiie iiceiiriicy of ihis slAtement, I boiled Si 
grms. of llie mineral in S litrc« of water for 9 hour*. Tl 
■oluiion WHS filtered liot and evaporated to drynM 
There was no residue. The material un the filler ^ 
peared to t>e untleuuiniiOBed uryulite. 

Tlie exiHTiment does not prove that the dec;»ni[K)Hiti< 
iiupoiisible, but makes it a)>[iear extremely iinprobaU 

AMIfltlCAN AlUMINIUU. 

I bought somo of Mr. Frislimuth's aluminium fi 
Bullock & Crenshaw, Philadelphia. The surfaoe < 
■liljbtly whitened by uxidiitiuii, reKembbng, though 
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h a degree, the oxidation wbich takes place on slabs 
of zinc when exposed lo the air. The wire was not per- 
fectly smooth, being at places sliglilly rough and scaly. 
It Was quite soft and malleable. Jts color was nearly while, 
but vrlih u slight blue tinge, which, if intensified, would 
Iwre made it resemble zinc more than any other metal. 
^^^^U^licnte analyses of it gave me the following results : — 

^P Fe! 

^^» Al(Uydiff.) . . 97.41 B7.57 

After making these analyses, I came across the analysis 
ol Mr. t'nshmulh's metal given on )i. 59. 

Specific Gbaviti op Aluminilm. 

I Tlie sp. gr. of the metal whose analysis was just given 

I determined very accurately on tt Becker balance. Com- 
ptred with water at i" C, it was 2.735. I wished to see 
ir tilis would corres[)onrl to the sp. gr. calculated from the 
Ultlyais. The data were as follows : — 



i^ 



Average per Produut*. 

0.00 O.OU 

1.80 0.138 



^ii . . . 3.67 07.60 a.eo.'s 

Calculated sp. gi 2.737 

Tlie correspondence being so close has suggested that 
the sp. gr, oT commei'cial aluminium, carefully taken, gives 
the approximate amount of iron present ; for the sp. gr. 
(T silioon is so near to that of aluminium, that 10 per 
WB(. of the former, an amount never Ibund in commercial 
ulnminium at pre.^eni, would only lilfecl llie sp. gr. 0.03. 



So tliiiii, williiii l)iu limiu iMuiilly luuiiil ii 
nliitniniiitn, >. <•., nilivun loni ttiiin A pur cent, and Iron 
uiiywliorti IcM tliuii ID {wr cent.. A caraful df I ur ml tuition 
of till! Hp. |[r. Mliiiult), liy 11 little ttnlctilnlion, givu tljtf iimoiint 
of Iron pri'Mint williin k limit or error of O.fi prr ticril. ul 
most, tliii* Having u wul dulerminntjon of iron. 

AMALOAMATIOtr OIT ALIlMINtltM. 

Wioliing to oliHorvit tlic eflunt of mercury on niitiuliic 
aluminium, I toiik u i^li'nn, liri;(lit pieuc of nlnniitiium foil 
of Mr. Krixlimii Ill's mnke, unil put on it n Nmiill globule 
of inonmry, which I rublH-il in witli t|ju flngiT. AInioal 
lmm«diHleI}' n wlilto powder iippearad anil tlie full felt 
Wurm from tlio tieiit genumted. On bruniiing iivtuy lliiM 
powder, lli« foil underneiuli npiH-ured wtiile nnd iinntUiehed. 
}iy letting llj« mercury rcmnin on tliu foil, it vury soon 
cnt II liule llirouRli It. C'ompara witli p. Wl, 

It lliui iippcur* that mnrour}' unllt^ii wltli n ok-un «nr- 
fnno of aluminium, furming an amalgam, nnd the alumin- 
ium in tlie amalgam oxittixen in tlie air to olumina. The 
queittou ariMWt wliy doiis aluminium oxldixu no uaiilyi' 

1^ know liow tho properlloN of tlili metal degxind much 
on itN ittute of diviiiiun i itw foil will burn in llie air, whdre. 
K the melal in bulk will nol. Tlie morcnry HorvuH, at it 
amalgamateN tlie aluminium, lu draw a[>urt even the mole- 
ciilui of the metal, and bo till* extremely minulo, even 
moleeular division of Che aluminium permit! it to nxlilbit 
in an Inlimnlfled degree tlio pHneipln juiit ilalod, wliicli 
waR llluNtrutod liy tlie burning of lh« foil, i. e., the Itner It* 
Nlule of dlvUion tlm more «a«ily in it aetad on tiy oxidix- 
^_ IngngenfN. TramtlHtitin iIjIn Inio the language of chcnii. 
^L cat ulllnitiuH, in muOillle uluuilniiim the atom* nre iiniled 
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two by two by a mutual exchange of affinities, and the 
oxygen of the air is not able to break this molecular bond 
at ordinary temperatures. But by the intervention of 
the mercury this bond is broken, and the atoms of alu- 
minium become united with atoms of mercury, which 
weakens the bond holding the molecule together. The 
strong affinity which oxygen has for aluminium is now 
able to break up the new molecule, the metal is rapidly 
oxidized and the mercury set free. 

. Reduction of Alumina. 

I experimented on reducing alumina by carbon in pres- 
ence of copper. (See p. 213.) I took for a charge — 

40 grms CuO and Cu. 

5 " .... Al^O*. 

6 '* .... Charcoal. 

Tliese were intimately mixed and finely powdered, put in a 
white-clay crucible and covered with cryolite. The whole 
was slowly heated to bright redness, and kept there for two 
hours. A bright button was found at the bottom of the 
crncible. This button was of the same sp. gr. as pure 
copper, and a qualitative test showed no trace of aluminium 
in it. 

This is the same result that other experimenters have 
reached, and the conclusion seems to be that the process 
gives no practical results. 

Production and Reduction of Aluminium 

Sulphide, Al'S*. 

Until the researches of M. Fremy, no other method of 
producing Al'S' was known save by acting on the metal 
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with sulphur at a very high heat. Fremy was the first 
to open up this new field, and it may be that his discover- 
ies will yet be the basis of successful industrial processes. 
Fremy is often quoted in connection with Al'S", and in 
order In understand just how much he discovered we here 
give all that his original paper contains concerning this 
sulphide.* 

" We know that sulphur has no action on silica, boric 
oxide, magnesia, or alumina. I thought tliat it might be 
possible to replace the oxygen by sulphur if I introduced 
or intervened a second affinity, as that of carbon for 
oxygen. These ilecum positions produced by two aflinities 
are very frequent in chemistry, it is thus that carbon and 
chlorine, by acting simultaneously on silica or alumina, 
produce silicon or aluminium chloride, while either alone 
could not decompose it; a similar case is the decomposi- 
tion of chromic oxide by carbon bisulphide, producing 
chromium sesqui sulphide. Reflecting on these relations, 
I thought that carbon bisulphide ought to act at a high 
beat on silica, magnesia, and alumina, producing easily 
their sulphides. Experiment has confirmed this view. I 
have been able to obtain in this way almost all the sul- 
phides which until then had been produced only by the 
action of sulphur on the metals. 

"To facilitate the reaction and to protect the sulphide 
from the decomposing action of the alkalies contained in 
the porcelain tube which was used, I found it sometimes 
useful to mix the oxides with carbon and to form (he mix- 
into bullets resembling those employed in the prepa- 
ration of Al'Cl*. 1 ordinarily placed the bullets in little 

* Ann. de Cliem. et de Phy 
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carbon boats, and heated the tube to whiteness in the 
current of vaporized carbon bisulphide. The presence of 
divided carbon does not appear useful in the preparation 
of this sulphide. 

"The Al'S' formed is not volatile; it remains in the car- 
bon boats and presents the appearance of a melted vitre- 
ous mass. On contact with water it is immediately de- 
composed. 

A1«S»+3H«0= A1»0» + 3H«S. 

"The alumina is precipitated, no part of it going into 
solution. This precipitated Al'O' is immediately soluble 
in weak acids. The clear solution, evaporated to dryness, 
gives no trace of alumina. It is on this phenomenon that 
I base a method of analysis as will be seen below. 

"Analysis of the product. A1*S' being non- volatile, it 
is always mixed with some undecomposed alumina. It is, 
in fact, impossible to entirely transform all the alumina 
into APS'. I have heated less than a gramme of alumina 
to redness five or six hours in carbon bisulphide vapor, 
and the product was always a mixture of Al^O'and Al*8'. 
The reason is that the sulphide being non-volatile and fusi- 
We coats over the alumina and prevents its further decompo- 
sition. The Al'O" thus mixed with the APS», and which 
Jias been exposed to a red heat for a long time, is very 
liard, scratches glass, and is in grains which are entirely 
insoluble in acids. By reason of this property I have 
been able to analyze the product exactly, for on treating 
the product with water and determining on the one hand 
the sulphuretted hydrogen evolved, and on the other the 
quantity of soluble alumina resulting, I have determined 
the two elements of the compound. One gramme of my 



product conUined 0.365 gnn. of Al'8', or 86.5 per oent., 
t)ie remainder being undecomposed alumina." The com- 
posilion of tliia AI'S^ was — 



Al 

0.385 " 100.0 ' 
Tlie formula Al'S' reciiiires — 

Al 3S.3 per CI 



^ 



The abore is iLe substunce of Fremy's remarks on 
AI'S'. The next inve^tigalion in this Held was made by 
Reichel. His paper is on the Bulphidea of magnesium and 
aluminium and he proceeded in methods so similar with 
both metals thai: he somi-CiineB describes a process only fnr 
magnesium sulphide, MgS, with details, and merely states 
his resulia in working the same way for AI'S', which will 
account for the frequent allusion in liis (laper to MgS. 
The paper is very lengthy, but only what bears directly on 
the subject in hand is extracted. 

" I wished* to obtain more definite knowledge of MgS 
and AI'S', and I also had a practical end in view ; for, 
depending on the small affinity of sulphur for magnesium 
and aluminium, I hoped, if not to isolate them from the 
sulphide, at least to try the possibilities of this method." 
(As preliminary, Reichel here gives extended remarks on 
the behavior of aluminium and magnesium towards sul- 
phur, and a description of the sulphides.) 

"AI'S' appears yellow, at least that made from the 
metal and sulphur with exclusion of air always has this 



* Jrnl. fr. Prak. Chem. : 
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color. It is only by bratinfr the metal with sulphur vnpor 
with admittance of air that the product is of a darker 
color. 

** I made experiments to det<Tmine if the prepanition 
ofAPS'andMgS was not i)Ossible in the same way as 
K*S, Na'S, and BaS are made. For example, by melting 
potassium oxide with sulphur some K^S is formed. How- 
ever, on doing this with alumina and magnesia, it became 
evident that magnesium and aluminium have less affinity 
for sulphur than for oxygen, and the exiKiriment failed* 
But, matters were changed when a reducing agent was 
introduced with the sulphur. If a mixture of carbon, 
magnesia, and sulphur are heated, MgS n^sults, which by 
treating the product with .wat<.T goes into solution un- 
chanored. Alumina under similar tR'atment gave no 
Ai'S*. In place of carbon as a reducing agent I next 
used hydrogen. By igniting magnesia in a stream of 
hydrogen and sulphur vapor some little MgS was formed, 
but the mass of the magnesia was unchanged. The next 
step was to substitute sulphuretted hydrogen for hydrogen 
and sulphur separately, but only a little MgS was formed 
in this way. 

"Since the sulphates of calcium and barium ai*e reduced 
to sulphides with very little trouble, it appeared probable 
that magnesium sulphate, MgSO*, should be convertible 
into MgS by a reducing agent. The attempts to do this 
were unsuccessful. I heated MgSO* in vapor of ammon- 
ium sulphide, but it underwent no change. Since accord- 
ing to Stammer* K^SO*, CaSO*, and BaSO* may be re- 
duced to sulphides by carbonic oxide, CO, I tried to 

* Pogg. Ixxxii. 135. 
27 
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MgSO' by this 



Tlie following reaction^ 



appurently took place — 

MgSO*+4CO=5IgO+COS. + 3CO'. 

" I then look pure mngnesia, filled a porcelain tube 
with it, mii pHsscd curlion bisulphide Tapoi* through it. 
The appnraluR was first filled nith hydrogen, then as soon 
as the tube was bright red the carbon bisulphide Hask was 
warmed, and sulphuretted hydrogen and carbonic oxide 
began to issue irom the tube. The heating was continued 
till carbon bisulphide condensed in the outlet tube, then 
the fire was removed and hydrogen passed through the 
tube till it was cold. The MgK resulting was of a gray 
color, not melted, but as a crumbly powder. The reaction 
which took place was probably 

MgO+2CS'+6H=MgS+3H'S+CO+C. 

" The carbon was left with the MgS ; and, to get rid of 
it I heated the tube up as before but passed hydrogen and 
carbonic oxide tliroiigh, when the hydrogen took up the 
carbon forming probably some hydrocarbon. 

" Than* says that carbon oxyanlphide, COS, is formed 
by leading carbonic oxide and sulphur vapor through 
red-hot tube. The reactions made to take place 
MgO + ZCS'+CO-^MgS+SCO+SS 
3CO+3S=3COS. 



4 



" The product obtained thus contained 58 per cent. 
MgS and 42 per cent, undecomposed i 
ina: on alumina in the same way, the i 



r- --„ In 1^" 

ing on alumina in the same way, the product obtained i 
mixtnre of Al'S' and alumina." 



* Jahreab. der Chem., 1867, 155. 



ALUMINIUM SULPHIDE. 815 

Reichel next tried the different methods which have 
been proposed to reduce these sulphides to metal, and 
thus records his results (see p. 183) : — 

" Petitjean* patented a process in England for reducing 
APS* by hydrogen acting at a high temperature, or by 
melting it with iron filings. MgS, heated a long time 
in a current of hydrogen, remained unchanged. I mixed 
MgS with iron filings, put it in a porcelain crucible, 
covered with fresh, dry, fine NaCl, and filled the crucible 
to the rim with carbon. To keep out all oxygen, I put 
the crucible inside a larger Hessian crucible, filling in 
between with pulverized charcoal. After heating several 
hours in a wind furnace, I found a half-sintered mass 
under the NaCl. This material, on being boiled with 
water, evolved no trace of hydrogen sulphide but only 
pure hydrogen. This showed that the iron had taken the 
sulphur from the MgS. Still, I did not succeed in ex- 
tracting the free magnesium from it by amalgamation. 
In the same manner, APS' appeared to be decomposed by 
iron and heat, but it was also impossible in this case to 
separate the metallic aluminium out of tlie mass. Copper 
effects the reduction as well as iron, forming CuS. 

^^ Since magnesium is not sulphurized on ignition in a 
current of hydrogen sulphide, it appeared probable that 
MgS might be reduced by ignition in a stream of hydrogen. 
I first tried a current of illuminating gas, well dried and 
freed from hydrogen sulphide by a potash tube. In spite 
of long ignition, the MgS was unaltered. Then I tried 
hydrogen, but that also was unsuccessful, the MgS would 
not give up its sulphur to hydrogen at a bright red heat. 
Since hydrogen alone does not act on MgS, it is hardly 

* Dingier, 148, an. 



316 APPENDIX. 

to be expected that a hydrocarbon can remove any sulphur 
from it. 

*' To find how carbonic oxide acted towards MgS, I ig- 
nited the latter in a stream of this gas. The magnesium 
sulphide used contained 56.5 per cent, sulphur and 33.0 
per cent, magnesium, or 12.47 per cent, more sulphur 
than the formula MgS allows. Under these circumstances 
COS was evolved, recognized by forming barium sulphide 
and sulphate, when led into baryta water. As soon as 
these gases ceased coming off, I cooled the tube in a current 
of carbonic oxide. The material had retained its former 
color and still readily evolved hydrogen sulphide in moist 
air or water. But it had lost 12.23 per cent, of its weight. 
The gas, it appears, had united only with the sulphur in 
excess of that required to form MgS, and the polysulphide 
was thus changed to the monosulphide." 

Reichel makes the following summary : — 

" The above researches show that magnesium and alu- 
minium can unite with sulphur directly at a high temper- 
ature. Also, that MgS and Mg^OS will be formed when 
magnesia is similarly treated. Alumina is unattacked by 
sulphur. Alumina and magnesia are changed by ignition 
in carbon bisulphide to sulphides. When carbon bisulphide 
and oxide act on magnesia, Mg^OS remains ; alumina is un- 
changed. Magnesia is changed by ignition in hydrogen 
sulphide to MgS, but the operation is tedious and imper- 
fect. By melting the oxides with sulphur no sulphides can 
be obtained ; with alumina the contemporaneous action of 
a reducing agent is necessary, while magnesia melted with 
carbon and sulphur or heated in hydrogen and sulphur 
vapor becomes MgS. 

'* APS^ possesses a yellow color, is with difficulty fusi- 
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ble, but fuses to a hard crystalline mass. Usually it is 
obtained as a sintered yellow powder. In damp air or 
water the following reaction takes place : — 

A1»S'+6H»0=A1»(()H)«+ 3H»S. 

*^ It bums in the air to alumina and sulphur dioxide. 
MgS forms a polysulphide, as we have seen, but APS' does 
not. 

" Also, Al'S' and MgS appear to be reduced at a high 
heat by metals which have a greater aifinity for sulphur, 
yet it remains to be seen whether this property is techni- 
cally valuable." 

Leaving these two experimenters, Fremy and Reichel, 
we have very few allusions to the subject. Those who 
bave proposed to produce aluminium from APS' state 
merely that they use Fremy 's process for preparing the 
A1«S». 

We have found an article* in which it is proposed to pass 
vapor of carbon bisulphide and hydrochloric acid together 
over ignited alumina, APS' being formed as an intermedi- 
ate product, and APCP ultimately formed by the action of 
tbe acid. The writer states that by passing the first alone 
over the ignited alumina the gas evolved is mostly COS, 
though a portion of it is decomposed to sulphur and car- 
bonic oxide. He further states tliat APS' is only slightly 
acted on by sodium chloride, is unaffected by calcium or 
magnesium chlorides, slightly acted on by potassium chlor- 
ide, but readily chloridized by hydrochloric acid. 

F. Lauterborn (see p. 206) claims in a patented process 
that by calcining aluminium fluoride with calcium sulphide 

* Chem. News, Dec. 19, 1873. 
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Al^S" rcsultfl. I cannot find any corroboration of this 
BtatemKnt. 

Mr. Ni(iwerth*8 process for reducing aluminium, in wliich 
lie (*ither uses Ai^8^ or else makes it as an intermediate 
product, will be found in full on p. 185, it being too long 
to repeat here. I cannot find any outside testimony as to 
the possibility of his schemes. 

Keichel has probably proven the possibility of reducing 
APS* by a metal having more affinity for sulphur. From 
a chemical standpoint its reduction by copper, iron, etc., 
should be under the projwjr conditions a very easy opera- 
tion. These conclusions follow from the relative affinity 
of sulphur for the metals, which is set forth in the follow- 
ing investigation: — 

<* A. Orlowsky* has studied the affinity of sulphur 
for the metals. From his researches it was found that 
it usually [)osse8ses the greatest affinity for the alkaline 
metals, with which it forms polysulphides. Among the 
other nif^tuls, c()j)per possesses the greatest affinity for sul- 
phur, then follow in order mercury, silver, iron, lead, and 
niU'v tli<'S(; plutiruini, chromium, aluminium, and nuigne- 
sium, whose affinities for sulphur are quite insignificant." 

EXTERIMKNTS ON Al'S*. 

Taking the data given in the foregoing papers, I made 
a series of experiments on first making Ai^S^ and then 
on nulncing it. 

JCrpcriniPiit A 

Took pure, wliit(^ alumina, made by calcining pure sul- 

* Juhrcsb. der Chcmie. 1881, p. 24. 
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phate of alumina, put it in porcelain boats in a hard glass 
tube, and passed Ya|)or of carbon bisulphide, CS', over it 
at bright redness for forty-five minutes. The product was 
cooled out of contact with the air. The result was a gray- 
ish-black powder, not sintered together in the least. On 
analyzing the product by Fremy's method, it showed 12.65 
per cent, of Al'8'. 

Experiment IL 

Took equal parts of alumina, sulphur, and charcoal, 
ground intimately together in a mortar, and served as in 
Experiment I, prolonging the action of CS' to an hour and 
a half. The product was a grayish-black powder, similar 
in appearance to the former product. It contained 38.51 
per cent. Al'S'. 

Experiment III, 

Re|)eated Experiment I, but ased a porcelain tube, thus 
allowing a higher heat than the glass tube would stand. 
The treatment lasted an hour and a half. Tiie product 
was of similar appearance to the previous ones, arid con- 
tained 39.54 per cent. Ai'S'. 

Experiment IV. 

I placed some ordinary aluminium sulphate, A1*(S0*)*.- 
ISH'O, in the porcelain tube, and heated it gradually up 
to bright redness with the tube open at both ends, cal- 
cining it thus for two hours. The result was that the tube 
was filled with very porous alumina. CS' was then passed 
over it for two hours, the whole being kept at redness. 
The product was dirty-white, but lemon-yellow in places, 
and at the yellow parts sintered together. Analyzing 



avei-ao;e specimen, it showed 31,16 per cent, Al'S'. It ia 
probable tliac il' a yollow piece liaii been singled out it 
would have shown much more Al'S' tlian thie average 
aample. _ 

Mxperimml V. fl 

I placed some pure alumina in small hollows cut in'' 
pieces ol' charcoal, and placed these in the tube instead of 
the porcelain boats. The tube was then placed in an 
assay Turnace and healed almost to whiteness for an hour 
and half, CS* being patised through. The praduct was 
flmall, black, fased buttons melted down into the bottoms 
of tlie cavities in tlie charcoal. Tiiese lumps were black 
outside, brittle, com[iact fracture, and the broken surfaces 
mottled, dirty-white, and yellow. They had a strong smell 
of hydrogen snlphide, and when dropped into water this 
gas was evolved so actively as to make quite & buzz, resem- 
bling the action of a piece of zinc dropped into acid. In 
one or two minutes the button was resolved into a blac k 
powder. This product contained 40.43 per cent. A1'S\^H 



Experiment VI. ( 

Repeated Experiment V, but used porcelain boats. The 
product was still dark, and contained 38.60 per cent. Al'8*. 

Experiment VII. 

Wishing to make a quantity of the substance, I filled 
the tube with alumina, put it in a hot fire, and passed OS* 
over it three hours. Tlie product was grayish -black, with 
iere and there touches of yellow, with lumps of consider- 
able size sintered together. An average sample of it con- 
tained 32.32 per cent. Al'S'. 
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Tabulatinjr these results we lmv( 



o 



Exporiment I. II. III. IV. V. VI. VIL 

Al*S3(p.ct.) 12.65 38.51 39.54 81.16 40.43 38.80 32.82 

First I would notice that, as remarked by Fremy, the 
Al'S' formed incloses the particles of alumina and prevents 
further action. It seems highly probable that a stirring 
ap[)amtus to keep the alumina agitated would greatly im- 
prove the product. Experiment I gave poor results because 
the heat was not sufficient ; Experiment II was done at a 
higher heat, with addition of carbon, and Experiment III 
at a still higher heat, without carbon. It appears from 
this that the presence of carbon had very little influence 
on the amount of Al'8' produced. Experiment V, giving 
the best results, was worked, I think, at a higher heat than 
any of the others ; but Experiment YI was conducted 
under as nearly as possible the same conditions ; however, 
we may consider the products as being nearly enough 
alike, the carbon does not appear to have made a marked 
difference in the product. 

To establish such a process on a practical scale, a 
wrought-iron or fire-clay retort would be necessary, with 
arrangements to heat it almost to whiteness. Boats of 
charcoal, holding ample charges of alumina, are made to 
fit in the retort. Some sort of stirring apparatus to agi- 
tate the alumina from time to time should be provided. 
The CS' could be brought in superheated by waste heat 
from the furnace and passed out into a condenser. Or, to 
economize still further, the retort might be lengthened, its 
forepart made a producer of CS*, by passing sulphur vapor 
over carbon, and the rear part be filled with the alumina to 
utilize this CS*. Many other devices will occur to 
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Experiment Vllf. 

I took about half a gramme of product of VII, and 
wra[iping it tightly m lead-foil placed it on a cupel and 
heated in a mufHe. Air was kept from the metal by a • 
otose-fliting porcelain cover. On removing the lid after a 
few minutes, there appeared a button of lead with some 
powder on its surface. I then cupelled the lead at as 
low a temperature as possible. The metal cupelled away 
entirely, leaving no aluminium. On repeating with every 
precaution the result was the same. 

Experiment IX. 

About one gramme of product VII was wrapped in 
copper foil, put in a porcelain crucible, and covered with 
iitiC\ and a little charcoal. A close cover was put on, 
the whole placed in the middle of a Hessian crucible, the 
latter filled up with flne charcoal, and a cover luted on. 
On heating this an hour at bright redness, hardly white- 
ness, there resulted a large button of copper. However, its 
specific gravity was that of pure copper, and a qualitative 
test showed uo truce of aluminium. It occurs to me now 
that probably the NaCl reacted on the AI'S", forming alu- 
minium chloride and sodium sulphide, preventing the 
action of the copper, 

Experiment X. 

Repealed Experiment I J 
twenty minutes. The tin 



ifoil, and heating only 
showed some nlumin- 



f 



ALUMINIUM SULPHIDE. 323 

ium on a qualitative test, and on analyzing it I found 0.52 
percent. Considering the small amount of sulphide and 
the rather large amount of tin used, it is probable that 
nearly all the aluminium present as Al'S' was reduced. 

Experi'meiit XL 

Repeated the same, but using powdered antimony to 
mix with the Al'S*. The resulting button was pure anti- 
.mony with no aluminium in it. 

Ftxpertment XIL 

Repeated the experiment, employing fine iron filings and 
using a high heat for one and a half hours. The product 
was a loose mass in which wqre small buttons of metal. 
These buttons were bright, yellower than iron, and con- 
tained 9.66 per cent, aluminium. 

Lack of time and opportunity prevented my extending 
these experiments on reduction. I had intended trying 
copper filings, zinc filings, mercury — excluding air by 
using a vacuum or an atmosphere of hydrogen — or its re- 
doction by hydrogen gas. 

On reviewing the experiments reported above, those with 
tin and iron succeeded best. Knowing the great affinity 
of copper for sulphur, I cannot but think that an experi- 
ment with very fine copper filings intimately mixed with 
the Al'S' would give satisfactory results. 

In closing I would remark that a process such as sug- 
gested on p. 321 could be easily arranged on a large scale, 
the undecomposed CS' being caught and so no more of it 
used than is necessary to supply sulphur for the Al'S*. 
The product could be mixed with fine metallic filings, put 
into a crucible, surrounded by charcoal, and the alloy 
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mfidf!. The metal cfianp^ed to fiulpliido could bn recovered 
by reducing the filagA. TlieKe proceitfNtg have been covcn^d 
by |>atentf<, but have never been made MUcceMful. It ap- 
fH^arA that if rightly managed they will give good rcHulfs 
and produce aluminium alloys cheaply. 
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At>f>]TI(>NAL DkTAILH OK CASTNISn'H Boi>HJM 

<* In thf! ordinary nuilium proccM,* lime in added to the 
redu(;ing mixture to make the maun refractory, otherwise 
the iilkiili would fuHe when the cliarge in highly hctated, 
and Hcpfiratf; from the light, infuMible carbon. The carbon 
tniiMl bo in the. proportion to tite itodium carbonate aH four 
in to nitic, um in found needful in practice, f<o hm to annure 
wU ]iiir\w]('. of Hcxhi in the refractory charge having an 
vxvA'HH of carbon directly adjacent or in actual contact. 
NolwithHfunding the well-known fact that Modium in 
reduced from itn oxideH at a degree of heat but Hlightly 
ex(!ee(ling the n'ducing point of zinc oxide, tlie luuit 
neeeHHiiry toiM^eotuplinh reduction by thin proccHH and to 
obtain even one-iliird of the metal in the charge, cloH(dy 
uppnuiclieH the, melting point of wrought iron. 

»* In u\y proeeMH, lUv. reducing HubHtanc(5, owing to itrt 
eonipoHition and gravity, renuiiuM below the Hurface of the 
nioitcui Halt, and in, tlntrefore, in direct contact with the 

^ Journal of the Franklin hiNtitute, Nov. IHHO. 
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fqsed alkali. The metallic coke of iron and carbon con- 
tains about 30 per cent, carbon and 70 per cent, iron, 
equivalent to the formula FeC I prefer to use caustic 
soda, on account of its fusibility, and mix with it such 
quantity of so-called * carbide' that the carbon contained 
in the mixture shall not be in excess of the amount theo- 
retically required by the following reaction : — 

3NaOH + FeC» « 3Na + Fe + C0+ C0» + 311 ; 

or, to every 100 pounds of pure caustic soda, seventy- 
five pounds of ' carbide,* containing about twenty-two 
pounds of carbon. 

"The necessary cover for the crucible is fixed station- 
ary in each chamber, and from this cover a tube projects 
into the condenser outside the furiuice. The edges of the 
cover are convex, those of the crucible concave, so that 
when the crucible is raised into position and held there 
the tight joint thus made prevents all leaking of gas or 
vapor. Gas is used as fuel, and the reduction begins 
towards 1000° C. As the charge is fused, the alkali and 
reducing material are in direct contact, and this fact, 
together with the aid rendered the carbon by the fine 
iron, in withdrawing oxygen from the soda, explains why 
the reduction is accomplished at a moderate temperature. 
Furthermore, by reducing from a fused mass, in which 
the reducing agent remains in suspension, the operation 
can be carried on in crucibles of large diameter, the 
reduction taking place at tiie edges of the mass, where 
the heat is greatest, the charge flowing thereto from the 
the centre to take the place of that reduced. 

" I am enabled to obtain fully ninety per cent, of the 
metal in the charge, instead of thirty per cent, as formerly. 
28 
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The crucibles, after treatment, contain a little carbonate 
of soda, and all the iron of the ' carbide' still in a fine 
state of division, together with a small percentage of car- 
bon. These residues are treated with warm water, the 
solution evaporated to recover the carbonate of soda, while 
tlie fine iron is dried, and used over again for < carbide.*" 

New Process for Making Aluminium Chloride. 

Mr. Chas. F. Mabery lias patented and assigned to 
Cowles Bros, a new process for making anhydrous alu- 
minium chloride. The patent was granted Oct. 26, 1886. 
The first claim is for producing it by passing chlorine gas 
over an alloy of aluminium and some other metal kept in 
a closed vessel at a temperature sufficient to volatilize the 
APCl* formed, which is caught in a condenser. The 
second claim is for passing hydrochloric acid gas through 
the electric furnace in which alumina is being decomposed 
by carbon, a condenser being attached as before. 

Remarks on the Mitis Castings. 

Mr. W. H. Wahl, Secretary of the Franklin Institute, 
Phila., makes the following remark on this subject: — * 

" The simplicity of this process, the certainty with 
which it can be operated, the uniformity of the product, 
and its good qualities in respect to strength and ductility, 
indicate an extended field of usefulness for it. The mitis 
castings threaten to seriously incommode the manufac- 
turers of malleable castings, for which they not only ofi*er 

* Journal of the Institute, Nov. 1886. 
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a perfect substitute, but one which, in respect to strength 
and ductility, is distinctly superior, while for many pur- 
poses mitis castings can be employed for which malleable 
castings could not be made. The niitis process has also 
been applied to the production of steel castings, and with 
promising results. In one of the methods experimentally 
tested, the sheet castings were from wrought iron scrap 
as raw material, with the addition of the proper propor- 
tion of cast iron to bring the percentage of carbon to the 
point required for each special purpose." 

Production of Aluminium. 

From advance proof-sheets of vol. iii. < Mineral Re- 
sources of the United States,' we learn* that the produc- 
tion of metallic aluminium in the United States increased 
from 1800 troy ounces in 1884 to 3400 ounces in 1885, 
valued at $2550. Aluminium bronze, ten per cent., was 
made to the amount of about 4500 pounds, valued at 
$1800. 

In October, 1886, a Philadelphia instrument maker 
accepted the offer, from the maker, of a large amount of 
European aluminium at the price of 50 cents per ounce, 
the lowest at which aluminium has yet been sold. 

♦ 8ci. Am., Nov. 13, 1886. 
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towards Deville, 32 
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hydrochloric, action of, on 

aluminium, 75 
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minium, 75 
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minium, 74 
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70 
Albite, formula of, 43 
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Cowles Bros., 205 
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precipitation of, at Sal- 
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manufacture at Salindres 
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physical properties of, 51-70 
plate as a substitute for tin 

plate, 247 
protoxide, 26 
reduction of, by other agents 

than sodium, 180 
silver, 297 
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uses of, 243-247 
working in, 235-257 
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alumina, 153 
Alum- stone, use of, for making 

alumina, 153 
Alums, native, impurities in, 45 
Alunite, formula of, 44 
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Co., Detroit, 221 
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ium works at, 29, 33 
process used at, 124 
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in, 44 
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reduction of aluminium sul- 
phide by, 323 
Argentan, a serviceable alloy, 294 
Artistic purposes, use of alumin- 
ium for, 245 
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aluminium for, 35 
Barattes for precipitating alu- 
mina, 163 
Barium, alloys with aluminium, 
87 
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87 
Barlow, W. H., on the tensile 
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minium by zinc, by, 215 
Battersea, London, first alumin- 
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Battery, use of aluminium in 
the, 75 
to deposit aluminium, 80 
Baudrin, P., on a new aluminium 

alloy, 278 
Beating of aluminium, 57 
Beaux, analysis of beauxite from, 

47 
Beauxite, 46-47 
analyses of, 46 
and cryolite, chief source of 
aluminium, 45 
simulated production 
of, 27 
deposits in Ireland, France, 
etc., 46 
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Beauxite, formula of, 44 ' 
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100 
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BeMtotr, on the action of oxide | 

of barium on aluminium, 87 
Bell Bros., directlouH for Bolder- 
\ng aluminium, 2r)2 | 
makers of aluminium at 
Newcastlc-on-Ty nc, JJ.S 
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Bromide of aluminium used for 

making pure aluminium, 243 
Bromine, action on aluminium, 88 
Bronze, aluminium, 204 
a true alloy, 2(>5 
compared with brass, 271 
compressive strength of, 



070 



Cowles Bros., 274 

tirst exhibited at Paris, 

1807, 34 
making of, 207 
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Comenjre, M., double reaction 

method of, 184 
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process, 41 
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reduction of sodium and 
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of aluminiUm for, i)S 
Copper, alloys of aluminium 
with, 204-280 
deposition of, by aluminium, 

81 
freeing of aluminium from, 

240 
oxide, action on aluminium, 

87 
reduction of aluminium by, 
212 
of aluminium-sulphide 
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ing, 119-126 • 
Dr. Percy's experiments on 

reducing, 115 
formula of, 44 
general use as a flux, 48 
H. Rose's paper on reduction 

of, 103-115 
importation of, by the Penn- 
sylvania Salt Co., 48 
imports into the United 

States, 49 
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on the manufacture of alu- 
minium-sodium chloride, 
154 
on the melting of alumin- 
ium, 237 
on the reduction of alumin- 
ium by electricity, 226 
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Passemeutere, aluminium, 00 

Pcligot, on cupelling alumin- 
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chel, 815 

Philadelphia, Col. Wm. Frisli- 
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in the I'lilt^^d States in 
l^S^i, 327 
Pro|>erties of aluminium sul- 
phide, 311, 310 
Pure aluminium, chemically, di- 
rections for making, 
243 
only made by using so- 
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of aluniinium at Salindrcs, 

by carbon, 188 

and carbon dioxide, 
187 
by carburetted hydro- 
gen, 182 
by copper, 212 
by cyanosjen. 180 
by double reaction, 184 
by electricity, 222 
by ferro-silicum, 200 
by hydroiron, 181 
by iron, 200 
by lead, 221 
by manganese, 222 
by other aarents than so- 
dium, 180 



842 



INDEX. 



deduction (»f uluminiuiu by Hili- 
coii, 2()7 
by zinc, lil4 

biiipiiuic, :nr>, :)22 

of Rodium i)y CuKtnor, !}24 
under proKBure, 179 
Keflectors, advantages of alu- 
minium for, 245 
Regnault, M., on tiie specific beat 

of aluminium, ()H 
Reicbcl, pap(T on sulpbidcs of 
aluminium and magnesium, 

:n2-;ji7 

Reinar, (J. W., on tbe reduction 
of aluminium by carbon, 180 

ReiHS and INi^^endorf!', on tbe 
maprnetiHin of aluminium, 60 

Ketorts for reducinpf sodium, 

i:h 

Ketzlaff, analysiH of beauxite by, 

47 
Uicardc-Kcnver, Major, views on 

aluminium, ii7 
Kollimr of aluminium, 57 
KoKc, II., paper on reduction of 

cryolite, l():i-115 
Rouen, aluminium works near, 

procchH UHcd at, 124 
Rousseau Bros., aluminium 

workM at (ijacidre, 2H 
Ruby, formula of, 44 

Ht. Austcl, suppoHcul diHcovery (if 

native aluminium at, 4'A 
HuliridreH, aluminium works at, 
28, :J5 
cost of aluminium at, 172 
numufactun'! of aluminium 
at, 158-174 
of iiluminiunr-sodium 
clilorldc at, 1 54-100 
Salt, coriiriion, iiction on alumin- 
ium, H5 
Salts, m<!tullic, action of solu- 
tions of, on aluminium, 70 
Sappblrc, formula of, 44 
SarloriuH of (iiittjiiufcn, first 
maker of aluminium balance 
bcaniK, .'i5 
Sauvatrc, h\ H,, Inventor of nco- 
ufcn, 277 



Sehank, washing apparatus of, 

140 
Scbnitzer, analysis of beauxito 

by, 47 
Sehwarz, improvcncut on Mou- 

rey's solders by, 349 
ScrH()B, aluminium, melting of, 
aw 
melting of, by ('ol. 
Frishmuth, »9 
Sellers, Mr., of Philadelphia, on 
the use of aluminium in cast- 
ing Iron, 284 
Senet, M. L., on de[K)sitin£r alu- 
minium by electricity, 2J^.'J 
Sevrard, M., success of, in ve 

neering aluminium, 258 
Seymour, Fred. J., patent for the 
reduction of aluminium 
by zinc, 218 
second |>atent of, 220 
Shaw, T., patented phosphor 

aluminium bronze, 279 
Siemens's furnace, used In reduc- 
ing sodium, 1!{5 
Siemens, Sir Wm., melting of 

steel with electricity, 104 
Silicates, action of, on aUimiii- 
ium, 84 
of aluminium, formulae of, 48 
Silic(>ous aluminium, 2.'{8 

on tbe gases evolved 
during solution of, 2(M> 
Silicon, alloys of aluminium 
with, 250 
aluminium bronze, 2()5 

extraordinary strength 
of, 280 
bnmze manufactured by M. 

Evrard, 211 
crystallized, 200 
disengagement of, as silicu- 
rettcd hydrogen in dlnsolv- 
iiig aluminium, 70 
facilitates the oxidation of 

aluminium, 71 
freeing of aluminium from, 

24:i 
its states of combination in 

aluminium, 52 
use of, to reduce aluminium, 
207 



INbEX. 



843 



Silicuretted hydrog^en, formation 
of, ou dissolving aluminium, 
260 
Silver, alloys of aluminium with, 
295 
aluminium, 297 
comparative value with alu- 
minium, 65 
deposition of, by aluminium. 

81 
from clay, exhibited at Parin, 

1855, ;J4 
sulphide, decomposition of, 
by aluminium, 74 
Silvering of aluminium, 256 

difficulty in, 80 
Smith, Dr., patents on reduction 

of aluminium, 221 
Soci^l^ Anonyme de Talumin- 
ium, 85 
prices of aluminium and 
aluminium bronze, 'M\ 
Soda, action of, on aluminium, 
77 
mica, formula of, 43 
mineral, 105 
Sodium, alloys of, with alumin- 
' lum, 303 
aluminate, precipitation of, 

by Lowig, 151 
amount necessary to reduce 
aluminium from cryolite, 
122 
and potassium, reduction 

together of, 188 
calcination furnace, 138 
carbonates, action on alu- 
minium, 88 
chloride, action on alumin- 
ium, 85 
decomposition of, by 
electricity, 142 
cyanide as a reducing agent, 

180 
Gerhard's furnace to prevent 

loss of, 126 
great reduction of its price 

in 1859, 27 
its manufacture, 130-148 
manufacture in New York 

City, 1886, 189-141 
mixture for reduction, 182 



Sodium, nascent, as a reducing 
agent, 179 
preservation of, by Wagner's 

method, 1.H8 
reaction for the reduction of, 

187 
reduction by B runner, 131 
by Castner, 139 

additional details 
of, 324 
by Curaudau, 181 
by Davy, 181 
by electricity, 142 
by (iay Lussac, 181 
by Jablochoff, 142 
by Thenard, 181 
furnace for, i:H 
in the Bessemer conver- 
ter, 208 
in the electric furnace, 

198 
of aluminium by other 

agents than, 180 
of the double chloride 

by, \(\S 
process, the perfection 
of the, 171 
substituted for potassium by 

Deville, 27 
sulphate, action on alumin- 
ium, 88 
temperature of the reduction 

of, 137 
use of chalk in the reduction 

of, 183 
vapor process as used by 
Deville, 100 
of Frishmuth, 178 
Weldon's calculation of the 
cost of, 139 
Soils, alumina the base of, 43 
Soldering liquor for aluminium, 
250 
of aluminium, 247-253 
Solders for aluminium, 248-251 

bronze, 279 
Sonorousness of aluminium, 63 
Spear, Mr. W. B., in connection 
with native sulphate of alu- 
mina, 805 
Specht, on the reduction of alu- 
minium by zinc, 218 



344 



INDEX. 



Specific heat (if ahimfiiiuni, 68 
gravity of aluminium, 64 
bronze, 271 
of commercial alumin- 
ium, 307 
Sprague, remarks on electrolysis 

of aluminium salts, 282 
Spruce, Mr., analysis of beauxite 

by, 47 
Stamping of aluminium, 5S 
Stearic acid used for burnibhinjs^ 

aluminium, 55 
Steel, alloys with aluminium, 

281 
Stocker, on native aluminium, 48 
Stoddart and Faraday, analysis 

of Bombay wootz, 288 
Stones, precious, formulae of, 44 
Strange, Mr., experiments with 

aluminium bronze, 273 
Strength, compressive, of alu- 
minium, 62 
aluminium bronze, 272 
tensile, of aluminium, 62, 63 
of aluminium bronze, 

26(J, 2(i7, 270, 276 
of aluminium-silicon 
bronze, 205 
transverse, of aluminium, 62 
Sulphate of alumina, decomposi- 
tion of, by electricity, 
281,233 
native, 805 

Til j?h man's process for 
(leconiposing, 144 
of potash, action on alu- 

niinium, 88 
of soda, action on alumin- 
ium, 88 
Sulphide ai)pearance, proi)erties 
and aiialyHis of, 811 
a i)ractical process for 

producing::, 821 
experiments on produc- 
mir, 818 
on reducing, 822 
production and reduc- 
tion of, 800-824 
reduction of, by Co- 
nicnj^o's method, 
1.S4 
by manganese, 222 



Sulphide appearance, reduction 
of, by Petitjean's me- 
thod, 183 
remark by Than on, 314 
researches of Fremy on, 
310 
of Reichel, 813 
carbon di-, use of, for making 
aluminium chloride, 
317 
use of, for making alu- 
minium sulphide, 310 
Sulphides of aluminium and 
magnesium, Reich ePs 
paper on, 312-317 
Sulphur, action on aluminium, 
73, 88 
its relative affinity for the 
metals, 318 
S ul ph u retted hy d rogen , actio n 

of, on aluminium, 73 
Sulphuric acid, action of, on 

aluminium, 74 
Surgery, use of aluminium in, 87 
Sweat, action on aluminium, 87 
Syndicate, an English, to control 
patents on aluminium, 39 

Tanks, precipitating, 152 
Tarnish, Mourey's receii)t for re- 
moving, from aluminium, 54 
Tarnishing of aluminium, cause 

of, 240 
Tartaric acid, action of, on alu- 
minium, 78 
Taste of aluminium, 57 
Taylor, W. J., calculated cost of 

aluminium, 32 
Telegraph wire, aluminium, 243 
Temperature necessary to reduce 

sodium, 187 
Tempering of aluminium, .58 
Tenacity of aluminium, 61 
Tcnyile strength of aluminium, 
(i2, 68 
of aluminium bronze, 

2()(i, 267, 270, 276 
of aluminium-silicon 
bronze, 205 
Than, remark by, on the forma- 
tion of aluminium sulphide, 
314 



INDEX. 



345 



Thenard, redaction of sodium 

by, 131 
Thermal, conductivity of alu- 
minium, 67 
Thomas and Tilly, process for 

aluminium plating, 231 
Thompson, J. B., deposition of 
aluminium from solution, 231 
Thompson, W. P., paper on the 

Cowles's process, 197-205 
Thompson, W. P., reduction of 

aluminium by, 207 
Thomson's calcination furnace 

for cryolite, 146 
" Tiers Argent," an alloy of alu- 
minium and silver, 297 
Tilghman's process for decora- 
posing sulphate of alumina, 
144 
Tin, alloy of aluminium and, 196 
alloys of aluminium with, 

289 
aluminium alloy, action of 
lead on, 196 
production of, 322 
its injurious effects in food, 

79 
plate, aluminium plate a 

substitute for, 247 
reduction of aluminium sul- 
phide by, 322 
Titanum, alloys of aluminium 

with, 301 
Tissier Bros., Deville's charges 
against, 28 
experiments on solder- 
ing aluminium, 248 
history of their works, 29 
process, 124 

"Recherches sur PAlu- 
minium," 1858, 28 
Tissier, on the amalgamation of 

aluminium, 262 
Topaz, formula of, 44 
Tracheotomy, aluminium tube 

used in, 87 
Tungsten, alloys of aluminium 

with, 302 
Tuning forks, aluminium, 63 
Turquois, formula of, 44 

Uses of aluminium, 243-247 



Usiglio, manager of the works at 
Salindres, 33 

Vanadium, occurrence in beaux- 
ite, 46 

Vangeois, first maker of alumin- 
ium wire, 60 

Veneering with aluminium, 253 

Vielle Montague Zinc Works, on 
the use of retorts from, 288 

Viscidity of molten aluminium, 
237 

Volatilization of aluminium, 66 

Wagner, O., analysis of beauxite 

by, 47 
Wahl, W. H., remarks on mitis 

castings, 326 
Wasellite, formula of, 44 
Washing apparatus, 149 

used at Salindres, 161 
methodical, 149 
Washington monument, cast- 
aluminium tip of, 39 
composition of the alu- 
minium in the tip of, 
53 
description of the apex 
of, 40 
Watery action of, on aluminium, 

72 
sulphide, 311, 317 
decomposition of, by alu- 
minium leaf, 73 
Watts's Dictionary, Frishmuth's 

process mentioned in, 42 
Watts, on the use of cryolite for 

producing aluminium, 127 
Webster, aluminium works of, 
at Birmingham, 36 
improvement of, in making 
aluminium -sodium double 
chloride, 154 
James, patented alloy of, 278 
process of, only one used in 
England, 42 
Webster's patent, 175 
process, 173-177 
Wedding, M., remarks on Bas- 
set's zinc process, 217 
Weldon, W., of Burstow, Eng- 
land, manganese process of, 222 



346 



INDEX. 



Werthftlm, on the elastldty of 

aluininiuin, 01 
Wlldc, A. K., on reducing alu- 
minium by lead, 221 
Winckler, Dr. ('ItMnenB, hl8tori- 
cal retroHpect to 187i), 
83 
on coatins: metals with 

alumtnium, 251 
remarkH on electrolysis 
of aluminium salts, 

Wine, acid action of, on alumin- 
ium, 78 
Wire, aluminium, drawing of, 60 

8tren{>:th of, (W 
Wlrz <fe Co., Berlin, sU)ppago of 

their aluminium workti, 85 
Wochein, analysis of beauxlto 

from, 47 
W(Kiheinite, local name for 

beauxite, 4ft 
WKhlcr and Buff, on the solution 
of siliceous aluminium, 
260 
and Devillc, on the extrac- 
tion of Boron, 800 
Deville's opinion of, 81 
discovery of aluminium, 

1827, 26, 01 
experiments to obtain alu- 
minium amalgam, 25 
first pap(jr of, 01 
improvement on Deville's 

cryolite process, 126 
method used in 181-5, 26 
observation on melting alu- 
minium with a blowpipe, 
71 



Wbhlcr and Buff on the resist- 
ance of aluminium to aqua 
ammonia, 78 
. review of Oerstedt's paper, 
01 
second paper of, 93 
Working of aluminium, 285-257 
Works, aluminium, at Amfrc- 
ville, near Koucn, 20, 

124, 128 
at Battersea, London, 38 
at Berlin, 85 
at Birmingham, England, 8(), 

at Camden, N. J., 81 

at Cleveland, Oliio, 41 , 189 

at (Hacidre, 28, 98 

at Javel,28, 08 

at Nanterre, 28, 85, 126, 128 

at Newcastle-on-Tyne, 88 

at Philadelphia, 87, 178 

at Salindres, 28, 88, 12S, 108 

in England, 88, 85, 42 

in France, 85, 128 

in Ucrmany, 88, 85 

Zinc, alloys of aluminium with, 

287 
deposition of, by aluminium, 

88 
expellinn: from aluminium 

by heat, 218 
freeing of aluminium from, 

242 
oxide, action on aluminium, 

86 
reduction of aluminium by. 

214 ^' 



OF 

practical and Scientific Boo^^ 

PUBLISHED BY 

Henry Carey Baird & Co. 



INDUSTRIAL PUBLISHERS, BOOKSELLERS AND IMPORTERS. 

810 Walnut Street, f hiladelphia. 

f Anj Df tb« Booki conipTlsed in this Catalogue will bu sent bj mail, free (f 

p«ttige, la an; tdiita in the vorld, tx tbe pililicatiaii prises, 
r-A DMcrlptiTe OaalDgB«, 90 f*f", Bto,, vill be sent (ne and tree of pwUg** 

M IDJ ni« Id u; part of tba vorld, vba will fuialili hia addma, 
rTtan not atherwiae ataled, all of the Boaki la tbia Caulogne ue boand 



AMATEUR MECHANICS' WORKSHOPr 

A llealise cotilainiiig plain and concise directions Tor the matiipula- 
lion of Wood and Met»ls, including Casting, Forging, Brazing, 
Soldeiing ajid Oirpenliy. By the author of the ■' l^lhe atnl lis 
Uaei." Third edition, llluaraled. 8vo. 83-OO 

ANDRES— A Practical Treatise on the Fabricalian ofVolatile 
and Pat Varnishes, Lacquers, Siccatives and SealiiiR 
Waxes. 
From the German of El!W1N Andki^. Manufaclurer of Varnishes 
and Lacquers. With additions on the Mannfaclure and Application 
of Varnishes, Stains for Wood, Horn, Ii-oty, Bone and Learher. 
From llie German of Dn. Emu, Winckler and Lav\s E. ANtiBS. 
The whole translated and edited by WjLLiamT. Brannt. With 11 
illusi rations. Ilmo. fz.50 

ARLOT.— A Complete Guide for Coach PainteTS: 

Translated from the French of M. ARLOT, Coach Fainter; for 
eleven years Foreman of Painting to M. Eherler, Co.ich Maker, 
Paris, By A. A. Fesquet, Chemist and Engineer. To which !■ 
added an Appendix, containing Information respecting the MaleriaU 
and the Practice of Coach and Car Painling and Varnishing in (he 
United Stales and Great Briiaiu. i2mo. . 5i-^5 



I 



(') 



HENRY CAREY BAIRD & CO.'S CATALOGUE. 



ARMBNGAUO, AMOROUX, AND JOHNSON.— The Pracf, 
cbI Draught Bmsn's Boole of Industrial Design, and Ha- 
chiniM'i«nd Engineer's Drawing Companion : 

Fotming ■ Ci>m[ilflc Cuut..- ol Mtch.mical Knginwring and Archi- 
itctural Urswii.y. Ktom ilic Krcntli of M. Aimengautl ihc cliler 
hrof, of DtsigPi in ihe Consurvutoire of Arts ami Imluslry, Paris, aiid_ 
MM. Armcngaud ihc youncer, anil Aniunjijx. Civil EnginciMv. 

w tilt en and anrnni;ed willi iiJihliumil moUertnd [Uatei, selediuiin 

and exsniples of the must useful anil 'generally emjibyed mcchanlt( 
of the day. By Wu.i.iam Johnsow, Assoc, [n-i. C. E. lilusttalti 
by Itfly foiiii steel pUlcs, and Rfly Hxiod-ciiU. A new cdiliui 

halfinorouco 

ARM8TRONO.— The Conttruction and Management of Steam 
Boilers: 
By R. ARMKTmiNc.C, E. With an ApiHiidix l.y Rofiebt Mallet»_ 
C K., K. K. b. Sevemii Ediiioo, "' 

_ j>» Compai . 
. . . ital Opernttuna of the Trade i 

SystBmnllcally laid down : with C'o|iiuus iJirei-tioos Prcparnl 
I^licring: Preventive! agniniit the ElTecl of Dnnip an Walb; 
various Cements and Puates Ada|*;d In the ,Sever»l Purpose* i 
the Trade ; Observaliont and JJircctions for [he I'anelling a^ 
Ornanieniing of Rooms, ett. By Jamek Am 

ASHTON. — The Theory and Practice of the An of Designing 
Fancy Cotton and Woollen Cloths from Sample : 
Giving; full iiistrncllons for [educing draris, as well a- Ihe methods of 
s)iooHng and innkinc out harneu for cross drafls and finding any 
quired reed; with cakulations and tables of yarn. Ily Fredekh 
AsHTON, De^gner, Weal Rilslicld, Moss. With fifty-two illustratii 
One vol. folio 

AUBRBACH— CROOKBS.— Anthracen: 

Iti Constitution, Propertiei, Manufacture and Derivatives, inclut._ 
Aiilficial Aliinrin, Anihrapurpurin, etc., with their npplicaliona 
Dyeing and Prinling. By G, Auehiiach. Translated and edii 
(lom the revised manuscripi of the Auihor, by Wm, Crookes, F 
.S,, Vice-Prtsidenl (if the Chemical Society. 8vo. . Jl5.nb' 

BAIRD.— Miscellaneous Papers on Economic Questions. 
By Henry Carey Baird. (/n prcpnralioH.) 

BAIRD.— The American Cotton Spinner, and Manager's and 

Carder's Ouide: 

A Practical Treatise on Cotton Spinning; giving the Dimenrions 

Speed of Machinery, Draught and Twist CalciiUlions, etc.; i 

notices of recent Improvements! together with KuTes and Exam] 



ling any nn^H 

llustratioiU^^I 

indudM^^I 

ilicalionK |^^^| 

cdiid^^H 

JKEs, F. R^^l 



HENRY CAREY BAIRD & CO.'S CATALOGUE. 



BAIRD. — Sundard Wages Computing Tables : 

An Improvement in all former Methods of Computation, so arranged 
that wages for days, hours, or fractions of hours, at a specified rate 
per day or hour, may be ascertained at a glance, by T. Sfangler 
Baird. Oblong folio $500 

BAKER. — Long-Span Railway Bridges : 

Comprising Investigations of the Comparative Theoretical &nd 
Practical. Advantages of the various Adopted or Proposed Type 
Systems of Construction ; with numerous formulae and Tables. By 
B. Baker. i2mo. $1.50 

BAK£R.-.-The Mathematical Theory of the Steam- Engine : 
With Rules at length, and Examples worked out for the use of 
Practical Men. By T. Baker, C. E., with numerous Diagrams. 
Sixth Edition, Revised by Prof. J. R. Young. i2mo. . . 75 

BARLOW.— The History and Principles of Weaving, by 

Hand and by Power : 

Reprinted, with Considerable Additions, from ** Engineering," with 

a chapter on Lace-making Mlichinery, reprinted from the Journal of 

-. the "Society of Art*." By ALFRED Barlow. With several hundred 

illustrations. 8vo., 443 pages $io.OO 

BARR. — A Practical Treatise on the Combustion of Coal: 
Including descriptions of various mechanical devices for the Eco- 
• nomic Generation of Heat by the Con.bustion of Fuel, whether solid, 
liquid or gaseous. 8vo $2.50 

BARR. — ^A Practical Treatise on High Pressure Steam Boilers : 
Including Results of Recent Experimental Tests of Boiler Material^, 
together with a Description of Approved Safety Apparatus, .Steam 
Pumps, InjedopTB and Economizers in actual use. By Wm. M. Barr. 
204 Illustrations. 8vo $3-00 

BAUERMAN. — A Treatise on the Metallurgy of Iron : 

Containing Outlines of the History of Iron Manufacture, Methods of 
Assay, and Analysis of Inm Ores, Processes of Manufacture of Iron 
and Steel, etc., etc. By H. Bauerman, F. G. S., Associate of the 
Royal School of Mines. Fifth Edition, Revised and Enlarged. 
Illustrated with numerous Wood Engravings from Drawings by J. B. 
Jordan. i2mo. . . * $2.00 

BAYLES.— House Drainage and Water Service : 

In Cities, Villages and Rural Neighborhoods. With Incidental Con. 
sideration of Certain Causes Affecting the Healthfulness of Dwell- 
ings. By James C. Baylrs, Editor of ''The Iron Age" and " The 
Metal Worker." With numerous illustrnlions. 8vo. cloth, 53-00 

BEANS. — A Treatise on Railway Curves and Location of 
Railroads : 
.By E. W. Beans, C. E. Illustrated. lamo. Tucks . ;^i.50 

BECKETT. — A Rudimentary Treatise on Clocks, and Watches 

and Bells: 

By Sir Edmund Beckett, Bart., LL. D., Q. C. F. R. A. S. With 

numerous illustrations. Seventh Edition, Revised and Enlarged. 

Jt2mo ^2.25 



HENRY CAREY BAIRD & CO.'S CATALOGUE. 



BELL. — Carpentry Made Easy : 

Or, The Science and Art of Framing on a New and Improved 
System. With Specific Instructions for Building Balloon Frames, Barw 
Frames, Mi 'I Frames, Warehouses, Church Spires, etc. Comprising 
also a System of Bridge Building, with Bills, Estimates of Cost, and 
valuable Tables. Illustrated by forty-four plates, comprising nearly 
200 figures. By William E. Bell, Architect and Practical Builder. 
8vo. .......*.. $S'^^ 

BEMROSE. — Fret-Cutting and Perforated Carving : 

With fifty-three practical illustrations. By W. Bemrose, Jr. i vol. 
quarto $3.00 

BEMROSE.— Manual of Buhl-work and Marquetry: 
With Practical Instructions for Learners, and ninety colored designs. 
By W. Bemrose, Jr. i vol. quarto .... $3.00 

BEMROSE.— Manual of Wood Carving: 

With Practical Illustrations for Learners of the Art, and Original and 
Selected Designs. By William Bemrose, Jr. With an Intro- 
duction by Llewellyn Jewitf, F. S. A., etc. With 128 illustra- 
tions, 4to. $3'OQ 

BILLINGS.— Tobacco : 

Its History, Variety, Culture, Manufacture, Commerce, and Various 
Modes of Use. By E. R. Billings. Illustrated by nearly 200 
engravings. 8vo $3*oo 

BIRD. — The American Practical Dyers' Companion : 

Comprising a Description of the Principal Dye-Stuffs and Chemicals 
used in Dyeing, their Natures and Uses ; Mordants, and How Made ; 
with the best American, English, French and German processes for 
Bleaching and Dyeing Silk, Wool, Cotton, Linen, Flannel, Felt, 
Dress Goods, Mixed and Hosiery Yarns, Feathers, Grass, Felt, Fur, 
Wool, and Straw Hats, Jute Yarn, Vegetable Ivory, Mats, Skins, 
Furs, Leather, etc., etc. By Wood, Aniline, and other Processes, 
together with Remarks on Finishing Agents, and Instructions in the 
Finishing of Fabrics, Substitutes for Indigo, Water-Proofing of 
Materinls, Tests and Purification of Water, Manufacture of Aniline 
and other New Dye Wares, Harmonizing Colors, etc., etc. ; enYbrac- 
ing in all over 800 Receipts for Colors and Shades, accompanied by 
170 Dyed Samples of Raw Materials and Fabrics, By F. J. Bird, 
Practical Dyer, Author of •* The Dyers' Hand-Book. " 8vo. $10.00 

BLINN.— A Practical Workshop Companion for Tin, Sheet- 
Iron, and Copper-plate Workers : 
Containing Rules for describing various kinds of Patterns used by 
Tin, Sheet-Iron and Copperplate Workers; Practical Geometry; 
Mensuration of Surfaces and Solids ; Tables of the Weights of 
Metals, Lead-pipe, etc.; Tables of Areas and Circumfcrencei 
of Circles; Japan, Varnishes, Lackers, Cements, Compositions, etc., 
etc. By Lkroy J. Blinn, Master Mechanic. With over One 
Hundred Illustrations. l2mo. ..... $2.50 



HENRY CAREY BAIRD & CO.'S CATALOGUE. 5 



BOOTH.— Marble Worker's Manual: 

Containing Practical Information respecting Marbles in general, their 
Cutting, Working and Polishing ; Veneering of Marble ; Mosaics ; 
CoYnposition and Use of Artiticial Marble, Stuccos, Cements, Receipts, 
Secrets, etc., etc. Translated from the French by M. L. Booth. 
With an Appendix concerning American Marbles. l2mo., cloth $1.50 

BOOTH and MORPIT.— The Encyclopaedia of Chemistry, 
Practical and Theoretical : 
Embracing its applicatit)n to the Arts, Metallurgy, Mineralogy, 
Geology, Medicine and Pharmacy. Uy Jamks C. Booth, Melter 
and Refiner in the United Stales Mint, Professor of Applied Chem- 
istry in the Franklin Institute, etc., assisted by Campbell Morfit, 
author of "Chemical Manipulations," etc. Seventh Edition. Com- 
plete in one volume, royal Svo., 978 pages, wjlh numerous wood-cuts 
and other illu^tratiitus ....... $5>00 

BRAMWELL.— The Wool Carder's Vade-Mecum: 

A Complete M.inu;\l of the Art of Carding Textile Fabrics. By W. 
C. BRA.MWELL, Third Edition, revised and enlarged. Illustrated, 
pp. 4.00. l2mo. ........ $2.^0 

BRANNT.— A Practical Treatise on the Raw Materials and the 
Distillation and Rectification of Alcohol, and the Prepara- 
tion of Alcoholic Liquors, Liqueurs, Cordials, Bitters, etc. : 
Edited chietly from the Cierman of Dr. K. Stammer, Dr. V. Eisner, 
and E. Schubert. By Wm. T. Urannt. Illusirated by thirty-one 

engravings. i2mo. • ^^2.50 

BRANNT— WAHL.— The Techno- Chemical Receipt Book: 
Contarning several thousand Receipts covering the latest, most im- 
portant, and most useful discoveries in Chemical Technology, and 
their Practical Application in the Arts and the Industries. Edited 
chiefly from the (iernian of Drs. Winckler, Eisner, Heintze, Mier- 
zinski, Jacobsen, Koller. and Ileinzerling, with additions by Wm. T. 
Brannt and Wm. H. Wahl, Ph. D. Illustrated by 78 engravings. 

I2mo. 495 paj^eN 52 00 

BROWN. — Five Hundred and Seven Mechanical Movements: 
Embracing all those which are most important in Dynamics, Hy- 
draulics, Hydrostatics, Pneumatics, Steam-Engines, Mill and other 
Gearing, Presses, Horology and Miscellaneous Machinery; and in- 
cluding many movements never before published, and several of 
which have only recently come into use. By Henry T. Brown. 

I2mo $1.00 

BUCKMASTER.— The Elements of Mechanical Physics : 
By J. C. Buckmaster. Illustrated with numerous engravings. 
I2mo. .......... $l-S^ 

BULLOCK.— The American Cottage Builder : 
A Series of Designs, Plans and Specifications, from $200 to $20,000, 
for Homes for the People ; together with Warming, Ventilation, 
Drainage, Painting and Landscape Gardening. By John Bullock, 
Architect and Editor of " The Rudiments of Architecture and 
Building," etc., etc. Illustrated by 75 engravings. 8vo. S3.5Q 

BULLOCK. — The Rudiments of Architecture and Building : 
For the use of Architects, Builders, Draughtsmen, Machinists, En- 
gineers and Mechanics. Edited by John Bullock, author of " The 
American Cottage Builder." Illustrated by 250 Engravings. 8vo. $S.BO 
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BURQH.— Practical Rules for the Proportions of Modem 
Engines and Boilers for Land and Marine Purposes. 
By N. W HuR(iH, Engineer. X2mo. .... $1.50 

BURNS. — The American Woolen Manufacturer: 

A Practical Treatise on the Manufacture of Woolens, in two parts. 
Part First gives full and explicit instructions uix)n Drafting, Cross- 
Drawing, Combining Weaves, and the correct arrangement of Weights, 
Colors and Sizes of Yarns to produce any desired fabric. Illustrated 
with diagrams of various weavings, and twelve samples of cloth for 
explanation and practice. Pait Second is fully supplied with ex- 
tended Tables, Rules, Examples, Explanations, etc. ; gives full and 
practical information, in detailed order, from the stock department to 
the market, of the pr()j>er selection and use of the various grades and 
staples of. wool, with the admixture of waste, cotton and shoddy; and 
the proper application and economical use of the various oils, drugs, 
dye stuifs, soaps, belting, etc. Also, the most approved method for 
Calculating and Estimating the Cost of Goods, for all Wool, Wool 
Waste and Cotton and Cotton Vv'ar|y?. With Examples and Calcula- 
tions on the Circular motions of Wheels, Pinions, Drums, Pulleys 
and Gears, how to speed them, etc. The two parts combined form a 
whole work on the American way of manufacturing more complete 
than any yet issued. Ey George C. Burns. 8vo. . 

BYLES.— Sophisms of Free Trade and Popular Political 

Economy Examined. 

By a Barrister (Sir John Barnard Byles, Judge of Common 

Pleas). From the Ninth English Edition, as published by the 

Manchester Reciprocity Association. i2mo. . . . $1.25 

BOWMAN.— The Structure of the Wool Fibre in its Relation 
to the Use of Wool for Technical Purposes : 
Being the substance, with additions, of Five Lectures, delivered at 
the rtHjuest of the Council, to the members <.f tlie Bradford Technical 
College, and the Society of Dyers and Coloiists. By F. II. Bow- 
man, D. Sc, F. R. S. E., F. L. S. Illustrated by 32 engravings. 
8vo. ^6.50 

BYRN.— The Complete Practical Distiller: 

Comprising the most perfect and exact Theoretical and Practical De- 
scription of the Art of Distillation and Rectification; including all of 
the most recent improvements in distilling apparatus; instructions for 
preparing spirits from the numerous vegetables, fruits, etc ; directions 
for the distillation and preparation of all kinds of brandies and other 
spiiits, spirituous and other compounds, etc. By M. La Fayktti-; 
Byrn, M. D. Eighth Edition. To which are added Practical 
Directions for Distilling, from the French of Th. Fling, Brewer and 
Distiller. i2mo. ........ 

BYRNE.— Hand-Book for the Artisan, Mechanic, and Engi- | 

neer: 

Comprising the (Irinding and Sharpening of Cutting Tools, Abrasive 

Processes, Eapidnry Work, Gem and Glass Engraving, Varnishing 

and Lackering, Apparatus, Materials and Processes for Grinding and 
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Polishing, etc. By Oliver Byrne. Illustrated by 185 wood en- 
gravings. 8vo. $5.o# 

BYRNE.— Pocket-Book for Railroad and Civil Engineers : 
Containing New, Exact and Concise Methods for Ikying out Railroaa 
Curves, Switches, Frog Angles and Crossings ; the Staking out of 
work ; Levelling ; the Calculation of Cuttings ; Embankments ; Earth- 
work, etc. By Oliver Byrne. i8mo., full bound, pocket-book 
form .......... $1*75 

BYRNE.— The Practical Metal- Worker's Assistant : 

Comprising Metallurgic Chemistry ; the Arts of Working all Metals, 
and Alloys; Forging of Iron and Steel; Hardening and Tempering; 
Melting and Mixing; Casting and Founding ; Works in Sheet Metal; 
the Processes Dependent on the Ductility of the Metals; Soldering; 
and the most Improved Processes and Tools employed by Metal- 
workers. With the Application of the Art of Electro Metallurgy to 
Manufacturing Processes; collected from Original Sources, and from 
the works of Holtzapffel, Bergeron, Leupold, Plumier, Napier, 
Scoffem, Clay, Fairbairn and others. By OLIVER Byrne. A new, 
revised and improved edition, to which is added an Appendix, con- 
taining The Manufacture of Russian Sheet- Iron. By John Percy, 
M. D., F. R. S. The Manufacture of Malleable Iron Castings, and 
Improvements in Bessemer Steel. By A. A. Fesquet, Chemist and 
Engineer. With over Six Hundred Engravings, Illustrating every 
Branch of the Subject. 8vo ^7*00 

BYRNE.— The Practical Model Calculator: 

For the Engineer, Mechanic, Manufacturer of Engine Work, Nava't 
Architect, Miner and .Millwright. By Oliver Byrne. 8vo., nearly 
6oopaj;es ^4.50 

CABINET MAKER'S ALBUM OP FURNITURE: 

Comprising a Collection of Designs for various Styles of Furniture. 
Illustrated by Forty-eight Large and Beautifully Engraved Plates. 
Oblong, 8vo $3.50 

CALLINGHAM. — Sign Writing and Glass Embossing: 

A Complete Practical Illustrated Manual of the Art. By James 
Callingham. i2mo Iti.50 

CAMPIN. — A Practical Treatise on Mechanical Engineering: 
Comprising Metallurgy, Moulding, Casting, Forging, Tools, Work^ 
shop Machinery, Mechanical Manipulation, Manufacture of Steam'- 
Engines, etc. With an Appendix on the Analysis of Iron and Iron 
Ores. By Francis Campin, C. E. To which are added. Observations 
on the Construction of Steam Boilers, and Remarks upon Furnaces 
used for Smoke Prevention ; with a Chapter on Explosions. By R. 
Armstrong, C. E., and John Bourne. Rules for Calculating the 
Change Wheels for Screws on a Turning Lathe, and for a Wheel- 
cutting Machine. By J. La Nicca. Management of Steel, Includ- 
ing Forging, Hardening, Tempering, Annealing, Shrinking and 
Expansi m ; and the Case-hardening of Iron. By G. Ede. 8vo. 
Illustrated with twenty-nine plates and 100 wood engravings $$-00 
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CRISTIANI.~A Technical Treatise on Soap and Candles: 
With a Glance at the Industry of fats and Oils. By R. S. Cris- 
TIANI, Chemist. Author of *' Perfumery and Kindred Arts." Illus- 
trated by 176 engravings. 581 pages, Svo. . . . ^7-50 

CRISTIANI.— Perfumery and Kindred Arts: 

A Comprehensive Treati:se on Perfumery, containing a History of 
Perfumes from the remotest ages to the present time. A complete 
detailed description of the various Materials and Apparatus used in 
the Perfumer's Art, with thorough Praciical Instruction and careful 
Formulae, and advice for the fabrication of all known preparations of 
the day, including Essences, Tinctures, Extracts, Spirits, Waters, 
Vinegars, Pomades, Powders, Paints, Oils, Emulsions, Cosmetics, 
Infusions, Pastilles, Tooth Powders and Washes, Cachous, Hair Dyes, 
Sachets, Esseniial Oils, Flavoring Extracts, etc. ; and full details for 
making and manipulating Fancy Toilet Soa|is, Shaving Creams, etc., 
by new and improved methods. With an Appendix giving hints and 
advice for making and fermenting Domestic Wines, Cordials, Liquors, 
Candies, Jellies, Syrups, Colors, etc., and for Perfuming and Flavor- 
ing Segars, Snuff and Tobacco, and Miscellaneous Receipts for 
various useful Analogous Articles. By R. S. Cristiani, Con- 
salting Chemist and Perfumer, Philadelphia. Svo. . . I5.00 

CUPPER.— The Universal Stair-Builder : 

Being a new Treatise on the Construction of Stair-Cases and Hand- 
Ratls; showing Plans of the various forms of Stairs, method of 
Placing the Risers in the Cylinders, general method of describing 
the Face MouKls for a Hand-Rail, and an expeditious method of 
Squaring the Rail. Useful also to Stonemasons constructing Stone 
Stairs and Hand-Rails ; with a new method of Sawing the Twist 
Part of any Hand-Rail square from the face of the plank, and to a 
parallel width. Also, a new method of forming the Easings of the 
Rail by a gauge ; preceded by some necessary l4oblems in Praciical 
Geometry, with the Sections of Prismatic Solids. Illustrated by 29 
plates. By R. A. Cupper, Architect, author of " The Practical 
Stair-Builder's Guide." Third Edition. Large 4to. 

DAVIDSON.— A Practical Manual of House Painting, Qrain* 
ing, Marbling, and Sign- Writing : 
Containing full information on the processes of House Painting in 
Oil and Distemper, the Formation of Letters and Practice of Sign- 
Writing, the Principles of Decorative Art, a Course of Elementary 
Drawing for House Painters, Writers, etc., and a Collection of Useful 
Receipts. With nine colored illustrations of Woods and Marbles, 
and numerous wood engravings. By Ellis A. Davidson. X2mo. 

1^3.00 

XAVIES. — A Treatise on Earthy and Other Minerals and 
Mining : 
By D. C. Da VIES, F. G. S., Mining Engineer, etc. Illustrated by 
76 Engravings. i2mo $S'^^ 



DAVIES-— A Trefttise on Meutliferaua Mineral! «nd Mining: 

liy 1). '" iMvii- !■ I. '^, Miriinj; Kiigincer, Exiiiiiiitr of Mine*, 

rirwiic: ..I ■ I 2<l EiMtion, umu.. 450 pugeii ^5.00 

DA VIES.- A rnriiL-..- ...1 Si.iie anJ Slate Quarrying: 
I Scieniilic. I't.i.iKul .u.il ( ..[iimcrduK Ry i). C. Davieu. F. G. S., 
I Milling Ei'k'lxMr, Klo. Wtllt iiuiner[.u:i Uliutrittiuna mil fuUliK^ 

r plMBH. larao. Jv-so 

I DAVIS.— A Practical Treatise on the Manufacture of Bricks, 
L TUei, Terra-ColU, etc. : 

K Including (Common, Preucd, Ornamentally Sha]icil, nnd Enamellcil 
K Hrlcki, l}r.iUi>Tilc*, Striiijiht and Curved Scwcr- Hpcx, l-lre-Clsyx, 

■ Fire-Biirks, Terra-C.rtla. R....finK-'riiM. Klnorit-H-Tile., An-Tiien. 

■ -. MuMic Plciic*, nii.l ImiLilioTi of IiHiir-ia iit liil.iid SiirfaCM; cora- 
i pnsilis.'i.-ii ...|-' .-.:[■,... I.,. ( ..( f 1,1 .i,.|.l..i..l II, Ai. l,r,',Liire. 

I SellinKunil Ikirnn.i;, l'.iinm<:li.iii; m Cuiycliioni, Loioi-.. lomjic.iiwn 

k. ami A|j|)litutuiii ••< tiUiu, Etc.i iiidu.Uuu full Ucutdcd Dncriptloni 

I ii( tl>e muEi modern M ichinei, Tnnli, Kilua, tind KMn'Kijofa uted, 

I, ItyCKARLIcs Thomas Davis. lUuRmled 1>y 32tl Kncraving* and 

I 6 PUici. Hvn., 47] |>it!i>B fS'OO 

I fPAVIB.— The Manufacture of Leather: 

P Being a doiriiiiiuii uf Ai .if liif I'lDeeBscs fur the Tanning, Tawing, 

I Curryiiif;, l'■llll^.llllls; ^nrl Jlyciii;; uf tucry kind (if LeiUlierj including 

I tlie vanom H.iw M.iitii.iU mid ilit Meiliod* for Determining theit 

I Valiici; ilic loolii, Mndiini-t. and nil Details of Imjiiirtance con- 

I a nrittil with an liitelliKviit and I'rofilnble Profecution ot the Art, wiih 

I S]KCi-\l Reference to die Kcst American Prncilct. 1'u vliich nre 

■ added Complete I.iiU of nil. Amvricnn Potenti fur Mnlerinli, I'lo. 
I ccsSM.Toiils, and Machinen for Tanning, CunyinR.rtc Hv CiiABLKa 
r TiKiMAS Davis. llluMraicd by 302 cngrnvindi and 12 .sanipUii uf 
I Dyed Leathers. One viil., Svd., S24 pugtu . . . {10,00 

DAWIDOWSKY-BRANNT.— A Practical Treaiiae on the 
I Raw Materials and Fabrication of Qlue, Gelatine, Qelaline 

I Veneers and Foils, Isinglass, Cements, Pastes, Mucilages, 

I etc.: 

L E.-iied upon Ai:Iual Experience, liy F. DAWtixiwsKy, Technical 

I Cliemist. Translated from the Ccrmaii, with extensive nddiiiona, 

ihclndiitg a de-icriptian uf the must Keceiii AnicricRn frocoiseii, l>y 

William T. Hkannt, Urnduale of the Kuysil Agricultural College 

of Eldcna, I'lUi-im. 35 Engravince, iimo. . , . tl.50 

OB ORAFF.— The OeometHcal Stair- Builders' Quids: 

I Ueing a E'lain Pmclical System of llnnd-Rnilini;, cnilniiciDe all ill 

L ^ npcimary IJeiailii, and Geometrically lllusiraied by twenlv-lwo Swel 

1 ' Enomvinyii i logelher with (lie u»« of llie most approved |irinclplcs 

H ef Praclicitl Geometry, By SiMON Dtt (iKAi'F, Architect. 4(0. 
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DE KONINCK— DIETZ.— A Practical Manual of Chemical 
Analysis and Assaying : 
As applied to ilie Manufacuire of Iron from its Ores, and to Cast Iron, 
Wrought Iron, and Steel, as found in Commerce. By L. L. De 
KoNiNCK, Dr. Sc, and E. Dietz, Engineer. Edited with Notes, by 
Robert Mallet, F. R. S., F. S. G., M. I. C. E., etc. American 
Edition, Edited wiih Notes and an Appendix on Iron Ores, by A. A. 
Fesquet, Chemist and Engineer. i2mo. . . . ^^2.50 

DUNCAN.— Practical Surveyor's Guide: 

Containing the necessary information to make any person of com- 
mon capacity, a finished land surveyor without the aid of a teacher. 
By Andrew Duncan. Illustrated. lamo. . . $1.25 

OUPLAIS. — A Treatise on the Manufacture and Distillation 
of Alcoholic Liquors : 
Comprising Accurate and Complete Details in Regard to Alcohol 
from Wine, Molasses, Beets, (irnin, Rice, Potatoes, Sorghum, Aspho- 
del, Fiuils, etc. ; with the Di-tilIat»on and Rectification of Brandy, 
"Whiskey, Rum, Gin, Swiss Absinthe, etc., the Preparption of Arc 
matic \V .Iters, Volatile Oils or Essences, Sugnr<, Syrups, Aromatic 
Tinctures, Liqueurs, Cordial Wines, Effervescing Wines, etc., the 
Ageing of Brandy and the improvement of Spirits, with Copious 
Directions and Tables for Testing and Reducing Sjirituous Liquors, 
etc., etc. Translated and Edited from the French of MM. DuPLAis, 
Ain6 et Jeune. By M. McKennie, M. D. To which are added the 
United States Internal Revenue Regulations for the Assessment and 
Collection of Taxes on Distilled Spirits. Illustrated by fourteen 
folding plates and several wood engravings. 743 pp. 8vo. $10 00 

DUSSAUCE. — A General Treatise on the Manufacture of 
Vinegar: 

Theoretical and Practical. Comprising the various Methods, by the 
Slow and the Quick Processes, with Alcohol, Wine, Grain, Malt, 
Cider, Molasses, and Beets; ns well as the ^Fabrication of Wood 
Vinegar, etc., etc. By Prof. H. Dussauce. 8vo. . I5 00 

DUSSAUCE.— Practical Treatise on the Fabrication of Matches, 
Gun Cotton, and Fulminating Powder. 
By Professor H. Dussauce. i2mo ^3 00 

DYER AND COLOR-MAKER'S COMPANION: 

Containing upwards of two hundred Receipts for making Colors, on 

the most approved principles, for all the various styles and fabrics now 

^ in existence; with the Scouring Process, and plain Directions for 

Preparing, Washing-off, and Finishing the Goods. i2mo. $1 25 

EDWARDS. — A Catechism of the Marine Steam-Engine, 
For the use of Engineers, Firemen, and Mechanics. A Practical 
Work for Practical Men. By Emory Edwards, Mechanical Engi- 
neer. Illustrated by sixty-three Engravings, including examples of 
the most modern Engines. Third edition, thoroughly revised, with 
much additional matter. 12 mo. 414 pages . . . ^200 

EDWARDS. — Modem American Locomotive Engines, 

Their Design, Construction and Management. By Emory Edwards. 
Dlufltrated i2mo $2 00 
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EDWARDS. — Modern American Marine Engines, Boilers, end 

Screw Propellers, 

Iheir Design and ConRtruction. Showing the fresent Practice of 

the most Kminent Engineers and Marine Engine Builders in the 

United States. Illustrated by 30 large and elaborate plates. 4to. I5.00 

EDWARDS.— The Practical Steam Enginesr's Quids 

In the Design, Construction, and Management of American Stationary, 
Portable, and Sleam Fire- Engines, Steam Pumps, Boilers, Injectors, 
(iovernors, Indicators, Pistons and Rings, Safety Valves and Steam 
Oauges. For the use of ?3ngineers, Firemen, and Steam Users. B> 
Emory Edwards. Illustrated by 1x9 engravings. 420 pages. 
l2mo. .......... ;$2 50 

ELDER.— Conversations on the Principal Subjects of Political 
Economy. 
By Dr. William Elder. 8vo I2 50 

ELDER.— Questiohs of the Day, 

Economic and Social. By Dr. William Elder. 8vo. , $^ 00 

ELDER.— Memoir of Henry C. Carey. 
By Dr. William Elder. 8vo. cloth 75 

BRNI.— Mineralogy Simplified. 
Easy Methods of Dcleinutiing and Classifying Minernls, including 
Ores, by means of the Blowj ipc, and by Humid Chemical Analysis, 
based on Professor von KobcU's Tables for the Determination of 
Minerals, with an Introduction to Modern Chemistry. By Henry 
Erni, A.m., M.D., Professor of Chemistry. Second Edition, rewritten, 
enlarged and improved. i2mo. ^3^^ 

FAIRBAIRN.— The Pnnciples of Mechanism and Machinery 
of Transmission * 
Com|)rising the I'nnciples of Mechanism, Wheels, and Pulleys, 
Strength and Proportions of Shafts, Coupling of Shafts, and En>{ng. 
ing and Disengaging Gear. By SiR WiLLIAM Fairbairn, Bait. 
C. K. HcaulifulTy Illustrated by over 150 wood-cuts. In one 
volume, i2mo ^2.50 

FITCH.— Bessemer Steel, 
Ores and Methods, New TjicIs and Statistics Relating to the Types 
of Machinery in Use, the MctlKds in Vogue, Cost and Class of Labor 
employed, and the Charattcr and Availability of the Ores utili/.ed in 
the Manufacture of Bessemer Steel in Europe and in the United States ; 
together with opinions and excerpts from various accepted authorities. 
Compiled and arranged by Thomas W. Fitch. 8vo. . $3 00 

FLEMING.— Narrow Gauge Railways in America. 

A Sketch of their Rise, Progress, and Success. Valuable Statistics 
as to CIradcs, Curves, Weight of Rail, LocoiTJOtives, Cars, efc. By 
Howard Fli-.minc;. Illustrated, 8vo $1 50 

PORSYTH.—Book of Designs for Headstones, Mural, and 
other Monuments : 
Containing; 78 Desijrns. By Jamks Forsyth. "With an Introduction 
by Charles Boutpxl, M. A. 4 to., cloth . . . $5 00 
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FRANKEL— HUTTER.— A Practical Treatise on the Manu- 
facture of Starch, Glucose, Starch- Sugar, and Dextrine : 
Based on the German of Ladislaus Von Wagner, Professor in the 
Royal Technical High School, Buda-Pest, Hiingnry, and other 
authorities. By JULirs Frankkl, Graduate of the Polytechnic 
School of Hanover. Edited by Robert Hutter, Chemist, Practical 
Manufacturer of Starch -Sugar. Illustrated by 58 engravings, cover- 
ing every branch of the subject, including examples of the most 
Recent and Best American Machinery. 8vo., 344 pp. . $3'50 

GEE.— The Goldsmith's Handbook : 

Containing full instructions for the Alloying and Working of Gold, 
including the Art of Alloying, Melting, Reducing, Coloring, Col- 
lecting, and Refinini;; the Processes of Manipulation, Recovery of 
Waste; Chemical and Physical Properties of Gold; with a New 
System of Mixing its Alloys; Solders, Enamels, and other Useful 
Rules and Recipes. By George E. Gee. i2mo. . . $i-75 

GEE. — The Silversmith's Handbook : 

Containing full instructions for the Alloying and Working of Silver, 
including the different modes of Refining and Melting the Metal ; its 
Solders; the Preparation of Imitation Alloys; Methods of Manipula- 
tion; Prevention of W. isle; Instructions for Improving and Finishing 
the Surface of the Work ; together with other Useful Information and 
Memoranda. By George E. Gee, Jeweller. Illustrated. i2mo. 

GOTHIC ALBUM FOR CABINET-MAKERS: 

Designs for Gothic Furniture. Twenty-three plates. Oblong ^2.00 

GREENWOOD.— Steel and Iron: 

Comprising the Practice and Theory of the Several Methods Pur- 
sued in their Manufacture, and of their Treatment in the Rolling- 
Mills, the Forge, and the Foundry. By William Henry Green- 
wood, F. C. S. Asso. M. I. C. E., M. I. M. ^., Associate of the Royal 
School of Mines. With 97 Diagrams, 536 pages. i2mo. . ^2.00 

GREGORY.— Mathematics for Practical Men : 
Adapted to the Pursuits of Surveyors, Architects, Mechanics, and 
Civil Engineers. By Olinthus Gregory. 8vo., plates . ^^3.00 

GRIER. — Rural Hydraulics : 
A Practical Treatise on Rural Household Water Supply. Giving a 
full description of Springs and Wells, of Pumps and Hydraulic Ram, 
with Instructions in Cistern Building, Laying of Pipes, etc. By W. 
W. Grier. Illustrated 8vo 75 

GRIMSH AW.— Modem Milling: 
Being the substance of two addresses delivered by request, at the 
Franklin Institute, Philadelphia, January 19th and January 27th, 
1881. By Robert Grimshaw, Ph. D. Edited from the Phono- 
graphic Reports. With 28 Illustrations. 8vo. . . j^i.oo 

GRIMSHAW.— Saws : 

The History, Development, Action, Classification, and Comparison 
of Saws of all kinds. IVi/A Copious Appendices. Giving the details 
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of Manufncluic, Filing, Setting, Gumraing, etc. Care and Use o( 
S»«i; TaMe* of GnUEf*: Capaciiies of Snw-Mills! U=E of Saw 
Palents, and other valmblc informstion. By ROBERT GbIMsHAW. 
Sfcohi) and greatly enlarged edition, iiiM Supp/tininl, and 354 Illui- 

tratiniia. Quarto $^.oo 

ORIMSHAW— A Supplement to Orimshaw on Sawa : 
Conloinlag additional pnictiCKl matter, more eipeci.illy relating iri the 
Fonns uf Saw-Teeth, foi Npvcial material and ennditioni. aii-I to the 
Behavior of Saws under iiarliL-ular conditions, tzo Illuslraiioni. By 

Rdbf.kt (Irimshaw. Quarto |a.oo 

ORISWOLD. — Rmilraad Engineei'e Pocket Companion for tfas 
Field : 
Conipri--.ing Rulei fur Calculating Deflection Diitances and Ans;Ie«, 
Tatieeiitial Dislancea and Anples, and all Necessary Tables for En- 
ginccr^; al«] the Art of Levelling! from Prcliminaty Survey to the 
Constrnction of RBilroads, inlentied Ejipres'ly for the Voung En. 
gineer, together with Numerous Vuluablc Kuk'« and Examples, By 

W, Griswui.u. iinio.. lnc\^i tt-75 

ORUNER.— Studies of Blast Furnace Phenomena: 

By M. L. Gkunkr. Vti'Sidcnl of the Gtnerat Council of Mine* of 
Fr.inec, and lately PiofcSM.r of Mel.illiirgy nt l?ie Ecole des Mine«. 
Translated, with the auiliDt's satiction, with an Appendix, by L. D. 
B. Gofti>oN, F. K. S. E., F. 0. S. 8vo. . . . Ja.5o 

\, OUUTTIER.— Metallic Alloys : 

Being a Ptacticnl Guide lo their Chemical and Physical Properties 
their Preparation, Composition, and Uses. Translated from th« 
French of A, Guettii;b, Engineer and Dir-clor of Founderies, 
■ulhor of " La Fouderie en France," etc., etc. By A. A, Fesqubt, 

d Engineer. I2nio S3.O0 

HASBRICK.— The Secrets of the Art of Dyeing Wool. Cotton, 
and Linen, 

InctuJing Bleaching and Colorine Wool and Cotton Hosiery and 

Random Ynrns, A Treatise based on Economy and PraCliee, By 

E. C, HasERIcK. lllustraUd by 323 Dyed Fallems of Ikt Yarm 

- ■ ■ " .... »iS.O0 



HATS AND FELTING i ' 

A Practical Treatise on their Manufacture. By a Pr.iciieal Hnlter. 
Illustrated by Drawings of Machinery, etc. 8va. . . fl.35 
HKNRY.— The Early and Later Hlatory of Petroleum ; 
With Authentic Facts in rejord to its Development in Western Pciin- 
svlvania. With Sketches of the Pioneer and Promiti-"' Uiwnaoiis 
h the Refining Capacity of the Gnilerf Sxkia. By J. T. 



HK.f 



lllirs 



ntedSi 



HOFFER. — A Practical Treatjae on Caoutchouc and QtltU 
Percha, 

CompriainE the Properties of the Raw Mm trials, and the motiBer of 
Mixing and Working them; with the Fnhric^tlon of Vulcanited and 
Hard Rubbers, Caoutchouc and Gulla Percha CompositionB, Water- 
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prcMf Substances, Elastic Tissues, the Utilization of Waste, etc., etc. 
From the German of Raimund Hokfer. By W. T. liRANNT. 
Illustrated i2mo $2.50 

HOFMANN.—A Practical Treatise on the Manufacture of 
Paper in all its Branches : 
By Carl Hofmann, l^te Superintendent of Paper-Mills in Germany 
and the United Slates ; recently Manager of the " I\iblic Ledger " 
paper-Mills, near Elkton, Maryland. Illustrated by no wood en- 
gravings, and five large Folding Plates. 410., cloth ; about 400 
pages I50.00 

HUGHES. — American Miller and Millwright's Assistant: 
By William Carter HiJGHF^. i2mo Iti.50 

HULME. — Worked Examination Questions in Plane Geomet- 
rical Drawing : 
For the Use of Candidates for the Royal Military Academy, Wool- 
wich; the Royal Military College, Sandhurst ; the Indian Civil En- 
gineering College, Cooper's Hill ; Indian Public Works and Tele- 
graph Departments ; Royal Marine Li^hl Infantry ; the Oxford and 
Cambridge Local Examinations, etc. By F. Edward Hulme, F. L. 
S., F. S. A., Art-Master Marlborough College. Illustrated by 300 
examples. Small quarto ^3-75 

JERVIS.— Railroad Property: 

A Treatise on the Construction and Management of Railways; 
desij^ned to afford useful knowledge, in the popular style, to the 
holders of this class of property ; as well as Railway Managers, Offi- 
cers, and Agents. By John B. Jervis, late Civil Engineer of the 
Hudson River Railroad, Croton Aqueduct, etc. i2mo., cloth 52.00 

K£EN£.— A Hand-Book of Practical Gauging: 
For the Use of Beginners, to which i*; added a Chapter on Distilla- 
tion, describing the process in operation at the Custom- House for 
ascertaining the Strength of Wines. By James B. Keene, of H. M. 
Customs. 8vo. ........ 51.25 

KELLEY. — Speeches, Addresses, and Letters on Industrial and 
Financial Questions : 
By Hon. William D. Kelley, M. C. 544 pages, 8vo. . $300 

KELLOGG. — A New Monetary System : 
The only means of Securing the respective Rights of Labor and 
Property, and of Protecting the Public from Financial Revulsions. 
By Edward Kellogg. Revised from his work on "Labor and 
other Capital." With numerous additions from his m?>nn«:rript 
Edited by Mary Kellogg Putnam. Fifth edition. To which is 
added a Biographical Sketch of the Author. One volume, i2mo. 
Paper cover ......... ^i.oo 

Bound in cloth I. SO- 
KE MLO.— Watch- Repairer's Hand-Book: 
Being a Complete Guide to the Young Beginner, in Taking Apart, 
Putting Together, and Thoroughly Cleaninj^ the English Lever and 
other Foreign Watches, and all American Watches. By F. Kemlo, 
Practical Watchmaker. With Illustrations. l2mo. . $1.25 



!|6 HENRY CAREV BAIRU & CO.'S CATALOGUE. 
KBNTISH.~-A Treatise on a Box of InBtruments. 
And ihe Slide Rule : wilh the Theory uf Triguiiomeiry aod Logs 
rillinis, including Praclical Geomelry, Surveying, Measuring of Tim- 
ber, Caj'k anil Malt Gauc'ng. Heights, and Dislancu. By Thomas 
Kbntish. In one volume. Ilmo »1,3S 
RBRL.— The ABSsyer's Manual: 
An Abriilged Treaiiae on Ihe Docimaslic Examinalinn of Orel, and 
Fumnce and other Arliticial Products. By Bruncj Keki., Profeuni 
in Ihe Royal School of Minn; Member of the Roynl Technical 
Ciimmittinn for ihe Industries, and nf the Imperial Palenl-Oflice, 
Berlin. Translated from the German by WiLU^M T. BaANNT. 
Graduate of ihe Rnyal Agricullur.-il College of Eldetia, Prus'^io. 
Edilcd by WtLUAM H. Wahu, Ph.D., S.^crelary of the Franklin 
InsllLule, PhiladelphU. Illustrated by sixly-Kve engravings. Svo. 

*3.W 

KINQZETT.— The HUtory, Products, and ProcesBca ef the 

Alkali Trade : 

Including the most Recent Improvements. By CHARLES THOMAa 

KiNr.MTT, Consulting Chemist. With 33 iilustrali-jns. 8vo. 91,50 

KINSL^EY. ^Self-Instructor on Lumber Surveying : 

For the Use of Lumher MaDiifactQrets, Surveyors, and Teachers. 
By Charles Kinslev, Practical Surveyor and Teacher of Surveying. 

KIRK.— The Pounding of Metals : 
A Piaclical Treatise on the Melting of Iron, with a Description of the 
' Founding of Alloys ; also, of all the Melals and Mineral Substances 
used in the Art of Founding. Collected from original sources. By 
Edward Kirk, Practical Foundrymnn and ChemiM. Illustrated. 
Third edition, 8vo Jl.jo 

KITTR EDGE.— The Compendium of Architectural Sheet- 
Metal Work: 

Profusely Illustrated. Embracing Rules and Directions for Estimalce, 
Items of Cost, Nomenclature, Tables of Brackets, Modillions, I>en- 
Wis, Trusses, Stop-Blocks, Frieze Pieces, etc. Architect's Specifica. 
lion, Tables of Tin- Rooting, Galvanised Iron, etc., etc. To which ii 
added Ihe Exemplar of Arcbiieetural Sheet-Metal Work, couinining 
details of the Centennial Buildings, and other important Sheet-Meld 
Work, Designs and Prices of Archilettura! OrnaraenW, as mnnufao- 
tnred for the Trade by the Kittredge Cornice and Ornament Cant- 
pany, and a. Catalogue of Cornices, Wiii<Iuw-Caps, Mouldings, etc., at 
manufactured by the Kittredge Curtiiee and Ornament Company. 
The whole supplemented l>y a full Index and Table of Contenla. By 
A. O. Kittredge. 8vo.. 565 pages .... 

LANDRIN.— A Treatise on Steel : 
Comprising its Theory, Metallurgy, Properties, Practical Working, 
and Use. By M. H, C. Landhin, Jr., Civil Engineer. Translated 
Dm the French, with Notes, by A, A. FliSQUET, Chemist and En- 
neer. Wilh an Appendix on the Bessemer and the Martin Pre- 
sses f,ir Manufacturing Sleel, from the Re]>iJrt of Abram S. Heivill 
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United States Commissioner to the Universal Exposition, Paris, 1867. 
I2mo $3-oo 

UlRDEN.— A School Course on Heat : 

By W. Larden, M. A. 321 pp. i2mo. . . . - $2.00 

.l^ARDNER.—The Steam - Engine : 

For the Use of Beginners. By Dr. Lardner. Illustrated. l2mo. 

75 
X#ARKIN. — The Practical Brass and Iron Pounder's Quide : 

A Concise Treatise on Brass Founding, Moulding, the Metals and 

their Alloys, elc; to which are added Recent Improvements in the 

Manufacture of Iran, Steel by the Bessemer Process, etc., etc. By 

James Larkin, laie Conductor of the Brass Foundry Department iij 

Reany, Neafie & Co.'s Penn Works, Pniladelphia. Fifth edition, 

revised, with extensive additions. i2mo. . . . 1^(2.25 

X«EROUX.— A Practical Treatise on the Manufacture of 
Worsteds and Carded Yams : 
Comprising Praciical Mechanics, with Rules and Calculations applied 
to Spinning; Sorting, Cleaning, and Scouring Wools; the English 
and French Methods of Combing, Drawing, and Spinning Worsteds, 
and Manufacturing Carded Yarns. Translated from the French of 
Charles Lkroux, Mechanical Engineer and Superintendent of a 
Spinning Mill, by Horatio Paine, M. D., and A. A. Fesquet, 
Chemist and Engineer. Illustrarcd by twelve large Plates. To which 
is added an Appendix, containing Extracts from the Reports of the 
International Jury, and of the Artisans selected by the Committee 
appointed by the Council of the Society of Arts, London, on Woolen 
and Worsted Machinery and Fabrics, as exhibited in the Paris Uni- 
versal Exposition, 1867. 8vo. $5>oo 

LBFFEL. — The Construction of Mill-Dams : 

Comprising also the Building of Race and Reservoir Embankments 
and Head-Gates, the Measurement of Streams, Gauging of Water 
Supply, etc. By James Leffel & Co. Illustrated by 58 engravings. 
8vo. ;852.5o 

LBSLIE.— Complete Cookery: 

Directions for Cookery in its Various Branches. By Miss Leslie. 
Sixtieth thonsand. Thoroughly revised, with the addition of New 
Receipts. In i2mo., cloth $1.50 

LIEBER.— Assayer's Quide : 

Or, Practical Directions to Assayers, Miners, and Smelters, for the 
Tests and Assays, by Heat and by Wet Processes, for the Ores of %\\ 
the principal Metals, of Gold and Silver Coins and Alloys, and of 
Coal, etc. By Oscar M. Lieber. i2mo. . . . $1.25 

VtfOVB. — The Art of Dyeing, Cleaning, Scouring, and Finish* 
ing, on the Most Approved English and French Methods : 
Being Practical Instructions in Dyeing Silks, Woolens, and Cottons, 
Feathers, Chips, Straw, etc. Scouring and Cleaning Bed and Win- 
dow Curtains, Carpets, Rugs, etc. trench and English Cleaning, 
any Color or Fabric of Silk, Satin, or Damask. By Thomas Love, 
a Working Dyer and Scourer. Second American Edition, to which 
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ire added General Instruclions for the use or Aniline Colors. 8vo. 

J43 pages 85.00 

LUKIN.— Amongst Machines: 

Embrncing Debcrijilion- uf Ihe various Mechanical Appliances used 
in the Mnnufaclure uF Wuud, Metii, and other Sub,1aiit;es. izmo. 



LUKIN.— The Young Mechanic : 

Practical Carpemiy. Containing Directions for ihe Use of all kinds 

of Tools, and for Construction o[ Steam- Engines and • Mechanicai 

I Models, including the An of Turning in Wootl and Melai. By JUHN 

I LuKiN, Author of "The Lathe and Its Uses." etc. llluslrated. 

121110 fi-75 

MAIN and BROWN.— Questions on Subjects Connected with 

the Marine Steam' Engine : 

And Examination Paper,; with Hints for Iheir Solulior, liy 

Thomas j. Main. I'rofessor of Mflthcmaiics, Royal Naval Colleee, 

a^id Thomas Bhuwk. Chief Engineer, R. N. i2mo., cloth . II1.50 

MAIN and BROWN. — The Indicator and Dynamometer : 

With their Trat'ticnl Applications to ibe Steam-Engine, lly ThoMAs 
|. Main, M. A. F. R., Ass'l S. Professor Royal Navnl College, 
Porismouth, and Thomas liiiowN, Assoc. Inst. C. E., Chief Engineer 
R. N.. attached lo the R. N, ColleEe, IlluslralKd. 8vo. , J1.50 

MAIN and BROWN.— The Marine Steam- Engine. 

By Thomas J. Main, F. R. Ass't S. Mathemnlical Professor nt the 
Royal Naval College, Porlimnuth, and Thomas Bruwn, Assoc. 
Inst. C. E-, Chief Engineer R. N. Ailacheil to lie Royal Naval 
Collegp. With numerous illuslraliona. Svo. . , . 85.00 

HAR TIN.— Screw-Cutting Tables, for the Use of Mechanical 



nij; Ihe Proiier Arrangement of Wheels for Cutting the Threads 
of Screws of any Required Pitch; with a Table for Mflliin^ the Uni- 
Tcrsal Gas-Pipe Thread and Taps! By W. A. Mahtin. Engineer, 
8™, SO 

MICH ELL .—Mine Drainage: 

Being a Complete and Practical Treatise on Direct-Acting Und^- 
ground Steam Pumping Machinery. With a Description of a large 
number of the best known Engines, their General Utility and the 
Special Sphere of their Action, the. Mode of their Application, and 
their Merits compared vfilh other Pumping Machinery. By Stephks 
MiCHELt- Illustrated by 137 engravings. 8vu., 27; p^es . S6.oi> 

fdOLESWORTH.— Pocket-Book of Useful Pormulie and 

Memoranda for Civil and Mechanical Engineers. 

By Gun.FORK L. MoLtswoBTH, Member uf the Institution of Civil 

Engineers, Chief Re^^ident Engineer of the Ceylon RaiUvay, Full- 

bound in Puckel-Kiok foim Jl.oo 
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MOORE. — The Universal Assistant and the Complete Me* 
chanic : 

Containinj^ over one million Industrial Facts, Calculations, Receipts^ 
Processes, Trades Secrets, Rules, Business Forms, Legal Items, Etc., 
in every occupation, from the Household to the Manufactory. By 
R. M<><)RE. Illustrated by 500 Engravings. l2mo. . $2.50 

MORRIS. — Easy Rules for the Measurement of Earthworks : 
By means of the Prismoidal Formula. Illustratetl with Numeroun 
Wood-Cuts, Problems, and Examoles, and concluded by an Exten- 
sive Table for finding the Solidity in cubic yards from Mean Areas. 
The whole being ada{)ted for convenient use by Engineers, Surveyors, 
Contractors, and others needing Correct Measurements of Earthwork. 
By ElwooI) Morris, C. E. 8vo $1.50 

MORTON. — The System of Calculating Diameter, Circumfer- 
ence, Area, and Squaring the Circle : 
Together with Interest and Miscellaneous Tables, and other informa- 
tion. By James Morton. Second Edition, enlarged, with the 
Metric System. lamo. . . . . . . . $1.00 

NAPIER.— Manual of Electro- Metallurgy: 

Including the Application of the Art to Manufacturing Processes, 
By James Napier. Fourth American, from the Fourth London 
cilition, revised and enlarged. Illustrated by engravings. 8vo. $1.50 

NAPIER. — A System of Chemistry Applied to Dyeing. 

By James Napier, F. C. S. A New and Thoroughly Revised Edi- 
tion. Completely brought up to the present state of the Science, 
including the Chemistry of Coal Tar Colors, by A. A. Fesquet, 
Chemist and Engineer. With an Appendix on Dyeing and Calico 
Printing, as shown at the Universal Exposition, Paris, 1867. Illus- 
trated. Svo. 422 pages ....... $500 

NEVILLE.— Hydraulic Tables, Coefficients, and Formula, for 
finding the Discharge of Water from Ori^ces, Notches, 
Weirs, Pipes, and Rivers : 
Third Edition, with Additions, consisting of New Formulae for the 
Discharge from Tidal and Flood Sluices and Siphons; general infor- 
mation on Rainfall, Catchment- Basins, Drainag^e, Sewerage, Waier 
Supply, for Towns and Mill Power. By loHN Neville, C. E. M. R. 
1. A. ; Fellow of the Royal Geological Society of Ireland. Thiek 
l2mo $3.50 

NEWBERY. — Gleanings from Ornamental Art of every 
style ; 
Drawn from Examples in the British, South Kensington^ Indian, 
Crystal Palace, and other Museums, the Exhibitions of 1851 and 
1862, and the best English and Foreign works. In a series of 100 
exquisitely drawn Plates, containing many hundred examples. By 
Robert Newbery. 4to. 1^12:50 

NICHOLLS. —The Theoretical and Practical Boiler-Maker and 
Engineer's Reference Book: 
Containing a variety of Useful Information for Employers of Labor, 
Foremen and Working Boiler- Makers Iron, Copper, and Tinsmiths^ 







l» 



NICHOLSON.- A Manual of the AnofB 

lull iiiMrucniriiis in the different Branches of I'orwarding, 
i<l l''ini-liui>r. Also, ihe Art of Marbling Buok-edgcs and 
Pfper." bjijAMts H. Nicholson. Illualrated. iinio., eloih Jz.as 
IICOLLS.— The Railway Biulder; 

A Hand-Book for Eslimating tlie Probable Cost of American Rail- 
way Conslruetion anil Etjuipment. By William J. N1COLI.S, Civil 
Eiijiinecr. IlhisCi.itE'l. full bound, pockd-bouk form {2.00 

MORMANDY.— The CommerciBl Handbook of Chemical An- 

Or Practical Instructions for the Delerminntion of Lhc Intrinsic 01 
Coirmeriii^l Value of RubsLinces used in M;inufa«ures. in Trade?, 
and ill the Ait-^. By A, NoRMrtNiiv. New EdiUon, Enlarged, and 
to a great exicnt reniiilen. By Henry M. Noad, Ph.D., F.R..S., 
thick i2mo 85.OQ 

NORRIS. — A Handbook for Locomotive Engineers and Ma- 
chinists : 
Comprising the Proportions and Calculalions for Constructing Loco- 
motives ; Manner of Setting Valves; Tables of Squares, Cubes, Areas, 
etc., etc. By SEPTIMUS NoBRis, M. E. New edition. Illustrated, 
'zmn t'-So 

KOBTH— The Practical Assayer: 

Containing Easy Methods for the Assay (if the Principal Metals and 
Alloys. Principally designed for enplorers and those interested in 
Mines, By Oliver North. Illustrated. I2mii, 

NYSTROM.— A New Treatise on Elements of Mechanics : 
Establishing Strict Precision in the Meaning of Dynamical Term" r 
accompanied with an Appendix on Duodenal Arithmetic and Me 
trology. By John W. NVETROM, C. E. Illustraterf. 8vo. 82,00 

KYSTROM.— On Technological Education and the Construc- 
tion of Ships and Screw Propellers : 
For Naval and Marine Engineers. By John W. Nystrom, tale 
Acting Chief Eujjineer, U. S. N. Second edition, revised, with addi- 
tional matter, lllusiraled by seven engravings, i2mo. . gi.50 

O'NEILL.— A Dictionary of Dyeing and Calico Printing: 

Containing a brief account of all the Substances and I'locesses in 

L HBe in the Art of Dyeing and Printing Textile Fabrics; with Practical 

'. - Receipts and Scientific Information. By CHARLES O'NeIU,, Analy- 

^ lical Chemist. To which is added an Essay on Coal Tar Colors and 

their application to Dyeing and Calico Printing. By A. A. FEStJUET, 

Chemiet and Engineer. With an appendix on Dyeing and Cslico 

I'rinling, as shown at ihe Univeisal Exposition, Paris, 1S67. Svo., 

49' pages J5.00 

ORTON. — Underground Treasures-. 

How and Whtre to Find Tlieui. A Key for the Ready Determination 
.of all the Useful Minerals within the United Stales. By James 



OrTiW. A.M., I-ite I'rofcssorof Nolurul IlUlory in Vassar CollcRe, 
N. Y.; Cor, Mem. of tliL- Acadtmy of Nalura] Sciences, Philadelnliia. 
and of llie Lyceum ol Nalunil History, New Voik; author of tlie 
" Andes and the Amnion," etc. A New Edition, with Additions. 

Illustrated ti.50 

OSBORN.— The Metallurgy of Iron and Steel : 

Tbeurelical and I'racliL'Dl in all its Branches; wiih special TefereDe^ 
to AmeriCiin Mnterinis and Proctsscn. By H. S. OsBOKN. LL.D, 
ProfeE'^Qr of Mining and McluUurgy in l.arayi:tte College, EostoiL 
Pennsylvania. IlUisIraled by numerous large folding plulCB and 

wood-engravinp. Svo. j25.oa 

OVERMAN.— The Manufacmre of Steel : 

Containing the Practice and Principles of Working and Making SleeK 
A HandbOKk for BInckfmilh<. and Workeni in Steel and Iron, Wagon 
— ^««kel». Die Sinkers, Cutlers, anii Manufacturer* of Files and Hard- 
, of Steel and Iron, and for Meu of Science and Art. By 
lERiCK Overman, Mining Engineer. Author of the "Manu- 
re of Iron," etc. A new, enlarged, and revised Edition. By 
L. Fesquct. Chemist and Engineer. i2mo. . . Si-So 
—The Moulder'B and Founder's Pocket Guide ; 
Moulding and Foanding in Green-sand. Dry-sand, Ldbid, 
1 Cement; the Mnulding of Machine Kramet, Mill-gear, Hnllow- 
(, Omamenis. Trinkets, Bells, and Statues; Description of Moulds 
Ironie, Brass, and other Metals; Fla.<ler of Paris, Sulphur, 
; the Construction of Melling Furnaces, ihc Melting and 
Utdingof Metals; the Compositiiin of Alloys and their Nature, 
:. By FredI'^rick Overman, M. E. A new Edition, to 
I added a Supplement on Stnluary and Ornamental Moulding, 
ce. Malleable Iran Castings, etc, fly A. A. FeSquet, Chem- 
Engineer. Illustrated by 44 engravings. Izmo, . $2,on 

ER, QILDER,AND VARNISHER'S COMPANION-, 
idning Rules and Reguliiliona in everything reining to the A; I 
. linling, Gilding, Varnishing, Glass-SlaLiiing. Graining, Marbling, 
K-Wiiling, Gilding on Gla.~a, and Coach tainting and Varnish in),'; 
-"- '-r the Deteclion of Ailulteratians in Oils, Colors, etc. ; and 1 
It of the Diseases to which Painters are peculiarly liable, with 
}1est and Best Remedies. Sixteenth Edition. Revised, with 
cndix. Containing Colors und Coloring — Theorelieal an<l 
:. Comprising descriptions of a great variety of Additions] 
ita, fheir Qualities and Uses, to which are added, Dryers, and 
' "perations of Painting, etc. Together with Chevreurg 
larmon/ and Conlrosl of Colors. l2mo. Cloth $[.50 
L&TT. — The Miller's, Millwright's, and Engineer's Guide. 
jJiKNKY Pallett. Illusir.ited. i2nio. . . . S3.00 

~E. — A Concise History of the Iron Manufactura of the 
crican Colonies up to the Revolution, and of Pennsyl- 
B until the present time. 
^ JotIN U- Fearse. Illustrated ismo. , . . $2.00 
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PBRCY. —The Msnuhcture of Russian Sheci-Iran. 

Ily IniLs I'l-K.v, M.l)„ F. U.S.. l.cclurcr -m Meiallurgy » 
Uoynl Sdiuul of M.iti-s. mill In 'Hie Advance CUu nf An 
OKwrrs ,it the Roy.il AiliHLTy Irulitutinn, Woolwichi AUthfl 
'■ Mi![Alliyr|;v." Wiih lllii'.li.iLir>in gvo,, paper 
PERKINS ' On-; nni1 VriiiilnMont 

V i !■ . i ■■■ ■■! v.u„Ui,ion. Willi SpteUl RdatlM 

ii' I ■ ; I . , 'i iiig by Gas. Incliwling Sciemi' 

ll.l ' ! !.<-<^. Wilh llluXT^ted Diajfrar 

I'' 1 I I-. . I . . !■.■!. $I.3i 

PERKINS AND STOWE. -A New Guide lo the Bheet-li 
and Boiler Plate Roller : 

{'niiliiiiiliii; B SerJM nf ■["nlili-s ili.pwiiiB ihe Wcitjlil of Slnl» and P 
Hi Pradiice duller Plulcs, nnil of lite Wcii>hl of Pilei snd the Si: 
Umi III i>n>iiuce Slieul*ir<in ; llie Tliickne>> o( the Bar i 
ill <lci:iin>ils 1 ihe Weiiihl per font, and ihi: Tlikkncn un the I 
Wire t.i.iUKK uf (lie fractional iiarig of on inch; the Weigh 
nheet. ami ilic Thickneu on the Wire Gauge of Shect-iror 
dimensions to weigh ill ll», per bundle; find llie conveiili 
Sli..it WeiKhl inlo Lonp Weiaht, and Loni,' Wci|.hl into I 
Khlim-itcd ntid coliecied i>y (1. H. PicuKms and J. G. Stuwk. 

POWELL-CHANCE— HARRIS.— The Principlea of ( 
Making. 

ily Uakhv J. I'oWRLL. B. A. Toj-e'li" wilh Trcnlisei on Crown nnd ' 
Shi-ci Class; Ijy IIrnrv Chanck. M, A. And Plale Glaii, liy M. 
G. ilAMKis. Asso. M. Itm. C. E. IlliKtniicd :8niu. , (1.50 

PROTBAUX.— Practical Ouidc for the Manufacture of Paper 
and Boarda, 
Hy A. I'KOTEAUX. From the Frencli, l>y Uciratio Paink, A, I!„ 
M. U. To wiiich is addtil liie Mfinufaclurc uf Pniwr from Wood. 
by Hknhv T. ItBoWM. Illiisiraied by six plates. 8vo. , 

PROCTOR.— A Pockot-Book of Useful Tables and FormulK 
for Marine Engineers. 

]ly KhaNK PRurTtm. Second F.dilion. Revised and Enl.ifkied.J 
Full lioundpocWel-i«Hil( form fl-SO'] 

REONAULT— ElemeniB of Chemistry. fl 

Itv M V Hhr.NAi'i.i 'rranslalcii fniin the French by T. FoRRlcrtta 
111 : . ■ ■ \! 1 1 , ■ ■ ' imd, wiih NoLca. by jAMt::s C. DooTii, Melta 
,111.1 ; iiii-, snd WiLUAM L. Fabbr, MeiallurgiM a ■' 

Mi.ii I ■ I i I lulled by nearly 700 wood engravinp. " 

)iii-in ' 11' 'lit 1.-," I \'.-.'s^- In two volumes, 8va,, cloth . 

RIFfAULT, VKKGNAUD, and TOUSSAINT.— A Pract'lciA'' 
Treaiise on the Manufacture of Colors for Painting ; 
CompHMng ihe Ongm, iJclinition, and Classihcoltun of Colore; th« 
Trcatmcnl of the Kuw MaltriaU; fhc best FormuW and the Neweil 
Frocexaev for the Prejiaration of every deictiplion of FigmeiUi and 
(he Neceuary Apparalui and Ulrceliont for ilt L'm; Dryen; the 
Testing, Application, and Qunlitlei of Painii, etc., ele. By MM. 
KirrAULT, VekqnauI), and TouMAlNT, " -vtud and Halted by M. 
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F. Malepeyre. Translated from the French, by A. A. FesqUET; 
Chemist and En^jinecr. Illustrated by Eighty engravings. In one 
vol.. 8vo., 659 pages $7'S^ 

ROPER.— A Catechism of High- Pressure, or Non-Condensing 
Steam- Engines : 

Including the Modelling, Constructing, and Management of Steams 
Engines and Steam toilers. With vnlual)le illustrations. By Ste- 
phen Roper, Engineer. Sixteenth edition, revised and enlarged. 
i8mo., tucks, gilt edge $2.00 

ROPER.— Engineer's Handy- Book: 

Containing a full Explanation of the Steam-Kn^ine Indicator, and its 
Use and Advantages to Engineers and Steam Users. With Formulae 
/or Estimaiing the Power of all Clnsses of Steam- Engines; also, 
Facts, Figures, Questions, and Tables for Engineers who wish to 
qualify themselves for the United Stales Navy, the Revenue Service, 
the Mercantile Marine, or to take charge of the Better Class of Sta- 
tionary Steam-Engines. Sixth edition, i6mo.. 690 pages, tucks, 
gilt edge fe.50 

ROPER. — Hand-Book of Land and Marine Engines : 

Including the Modelling, Construction, Running, and Management 
of Lane* and Marine Engines and Boilers. With illustrations. By 
Stephen Roper, Engineer. Sixth edition. i2mo.,ti cks, gilt edge. 

fe.50 
ROPER.— Hand-Book of the Locomotive : 

Including the Construction of Engines and Boilers, and the Construc- 
tion, Management, and Running of Locomotives. By STEPHEN 
Roper. Eleventh edition. i8mo., tucks, gilt edge . $2.50 

ROPER.— Hand-Book of Modern Steam Fire-Engines. 

With illustrations. By Stephen Roper, Engineer. Fourth edition, 
i2mo., tucks, gilt edge ....... $3.50 

ROPER. — Questions and Answers for Engineers. 

This little book contains all the Questions that Engineers will be 
asked when undergoing an Examination for the purpose of procuring 
Licenses, and they are so plain that any Engineer or Fireman of or- 
dinary intelligence may commit them to memory in a short time. By 
Stephen Roper, Enn;ineer. Third edition . . . $3-00 

ROPER.— Use and Abuse of the Steam Boiler. 
By Stephen Roper, Engineer. Eighth edition, with illustrations. 
l8mo., tucks, gilt edge ....... |(2.oo 

ROSE.— The Complete Practical Machinist : 

Embracing Lathe Work, Vise Work, Drills and Drilling, Taps and 
Dies, Hardening and Tempering, the Making and Use of Tools, 
Tool Grinding, Marking out Work, etc. By Joshua Rose. Illus- 
trated by 356 engravings. Thirteenth edition, thoroughly revised 
and in great part rewritten. In one vol., i2mo., 439 pages $2.50 

ROSE. — Mechanical Drawing Self-Taught: 

Comprising Instructions in the Selection and Preparation of Drawing 
Instruments, Elementary Instruction in Practical Mechanical Draw 



ing. togrther wilh Enamples in Simple Geometry anil Elen 
Mectiaiiism, including Screw Threails, Gev Wheels Mechanic 
tinns Engines anil BoiUrt. By JosHUA Ruse. M. E„ Anlhor of 
"The Coinplele Practical Machinia." " The Paliern -maker's A-sisC- 
anl," " The Slide- valve." IlluEtrated by 330 engtavings. 8vo., 313 

P»K« f4-oo 

ROSE.— The Slide- Valve Practically Explained: 
Embracing simple and cnniplele Practical 'Demon stratiuns of Ibe 
opcraTion of each element in n Slide-valve Movement, and illustrating 
the cfTecti of Variations in iheir Propiirtiiins liy examples carefully 
[elected from the mo5l recent and siicces'.ful ]iiaclice. By JOSHUA 
RosK. M. E., Aulhor of ■' The Complete Practical Machinist." " Tlie 
PatLern- maker's Assi-.tant." etc. Illuslraied by 35 engravings tt.oo 
ROSS.— The Blowpipe in ChemlBtijr, Mineralogy and Geology : 

Conlaining all Known Melhods of Anhydrous Ansly^s, many Work- 

^^H ing Etnmpks, and Insliuclions for Making Appar.itns. Bv LIEUT.- 
^^k Colonel W. A. Ross, R. A. F., a S. With lao lllJsiratioiis. 

^R """^ »'5o 

^^^UH AW. —Civil Architecture : 

^^^^FSeing n Complele Theoreitcal and Practical System of Building, con- 
^^^K taining Ihe Fundamental Principles of the Ai-t. By Edw.'rd Skaw, 
^^^P Architect. To which is added a Treatise on Gothic Architeciure, etc. 
^^^K By Thomas W. SillowaV and Gedrgk M. Hardinu, Architects. 
^^^m The whole illustrated by loi quarto plates finely engraved on copper. 

^^Hl Eleventh edition. 410 SlO.oo 

^^^EpHUNK.^A Practical Treatise on Railway Curves and Loca- 

^^^B tion, for Young Engineers- 

^^^' By William F. Shunk, Civil Engineer, tamo. Full bound pocket- 

■ Iwok form Ji.uo 

SLATER.— The Manual of Colors and Dye Wares. 

liy J. W. .Slater, i2mo ii-Ji 

SLOAN.— American Houses; 

A variety of Oiiginal Designs for Rural liuildings. Illustrated by 
Iwenly.six colored Enoravings. wilh Descriplive References. By 
Samuel Siaan, Architect, author of the " Model Architect," etc.. 
etc. Svo *i.5o 

P SLOAN. — Homestead Architecture : 
Containing Forty Deagns for Villas, Collages, and Farm-houses, wilh 
' Ess.iys on Style, Construction, Laiidicape Gardening, Furniture, ele., 
ele. llluatraleii by upwarils of 200 engravings. By Samuel SloAK, 
Architect. Svi> $3.50 

SM EATON .-Builder's Pocket- Companion : 

Containing the Elements of Building, Surveying, and Architecture; 
with Practical Rules and Inatrucliona connectrd with the subject. By 
-A. C SmeAton, Civil Engineer, etc. lamo. . . J1.50 

t SMITH.— A Manual of Political Economy. 

By E. Pkshtke Smith. A new Edition, to which is added a full 
-Index. lanio f'^S 
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SMITH. — Parks and Pleasure-Grounds : 

Or Practical Notes on Country Residences, Villas, Public Parks, and 
Gardens. By Charles H. J. Smith, Landscape Gardener and 
Garden Architect, etc., etc. i2mo. . . . . ;^2.oo 

SMITH. — The Dyer's Instructor : 

Comprising Practical Instructions in the Art of Dyeing Silk, Cotton, 
Wool, and Worsted, and Woolen Goods ; containing nearly 800 
Reoei|>ts. To which is added a Treatise on the Art of Padding; and 
the Printing of Silk Warps, Skeins, and Handkerchiefs, and the 
various Mordants and Colors for the different styles of such work. 
By David Smith, Pattern Dyer. i2nio. . . . $3.00 

SMYTH. — A Rudimentary Treatise on Coal and Coal-Mining. 
By Warrington W. Smyth, M. A., F. R. G., President R. G. S. 
of Cornwall. Fifth edition, revised and corrected. With numer- 
ous illustrations. i2mo. ...... 1^1 •75 

SNIVELY. — A Treatise on the Manufacture of Perfumes and 
Kindred Toilet Articles. 
By John H. Snively, Phr. D., Professor of Analytical Chemistry iri 
the Tennessee College of Pharmacy. 8vo. . . . $3.00 

SNIVELY. — Tables for Systematic Qualitative Chemical Anal- 
ysis. 
By John H. Snively, Phr. D. 8vo. .... ;J5i.oo 

SNIVELY.— The Elements of Systematic Qualitative Chemical 
Analysis : 
A Hand-book for Beginners. By John H. Snively, Phr. D. i6mo. 

$2.00 
STEWART.— The American System : 

Speeches on the Tariff Question, and on Internal Improvements, 
principally delivered in the House of Representatives of the United 
States. By Andrew Stewart, late M. C. from Pennsylvania. 
With a Portrait, and a Biographical Sketch. 8vo. . . $^00 

STOKES. — The Cabinet Maker and Upholsterer's Companion: 

Comprising the Art of Drawing, as applicable to Cabinet Work ; 
Veneering, Inlaying, and Buhl- Work ; the Art of Dyeing and Stain- 
ing Wood, Ivory, Bone, Tortoise-Shell, etc. Directions for Lacker* 
ing, Japanning, and Varnishing; to make French Polish, Glues^ 
Cements, and Compositions; with numerous Receipts, useful to work* 
men generally. By J. Stokes. Illustrated. A New Edition, with 
an Appendix upon French Polishing, Staining, Imitating, Varnishing, 
etc., etc. i2mo 18^1.25 

STRENGTH AND OTHER PROPERTIES OF METALS: 

Reports of Experiments on the Strength and other Properties of 
Metals for Cannon. With a Description of the Machines for Testing 
Metals, and of the Classification of Cannon in service. By Officers 
of.the Ordnance Department, U. S. Army. By authority of the Secrc* 
taryofWar. Illustrated by 25 large steel plates. Quarto . $10.00 
SULLIVAN.— Protection to Native Industry. 
By Sir Edward Sullivan, Baronet, author of " Ten Chapters on 
Social Reforms." 8vo $i-S^ 
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SVME,— Outline« o( »n Industrial Science. 

iiy DAVII. SVllK. IJIlli>. ... 

TABLES SHOWING THE WEIGHT OP ROUN 
SQUARE, AND FLAT BAR IRON, STEEL, ETC., 

TAYLOR,- -Slalistics of Coal : 

li>. l.i.ii'i.; Mm....,: !■ :i . -i,l„i, i-mplrjyed in Arts 



Mnnu. 

Jsc of 
i. En- 
Ill. 25 

on of 

KANNT.' H 



TBMPLGTON.~Tbe Practical Examinator on 
Stesm- Engine; 

Willi Instructive References relalive tlicrelo, arranged for ihc Use of 
Engiotfcrs, SltiJenlb, and olliers. By William TeMFLETON, En- 
gineer, izmo. ..." «i.2S 

THAUSING.— The Theory and Practice of the Preparation of 
Malt and the Pabricatlon of Beet: 
With especial reference lo ihe Vienna Process of Brewing. _.. 
orated from persona! experience by Julius E. Thausino, Profe*. 
Ht the School for Brewers, and at the Agricultural Inslilule, MMIil^ 
ncnt Vicuna. Translnteil from the German by WlLLlAK T. BkANNT.' I 
Thoroughly and elaborately edited, wilh much American matter, and 
according to the latest and moiil Scienlific I'ractice, by A. Schwakz 
and Dk. a. H. BAUiiK. IllusUaled by 140 EiigravingB. Svo,, Si^ 

THOMAS.— The Modem Practice of Photography: 

Hy K. W. TiioMAH. F. C. S. Svo 75 

THOMPSON.— Political Economy. With Especial Reference 
to the Industrial History of Nations : 
Hy RoiihUT E. Thompson, Si. A., riud^Mir of Social Science in thi 
University of PL-Iinsylvania. lam... . , 

THOMSON— Freight Charges Calculator; 
By ANi>itiiw Thomson, Krtiijlu At;ent. 34mo. 

rORNER'S (THE) COMPANION: _ 

Containing liisiruclions in Concentric, Elliptic, and Eccentric Turtk- 
i'lgl al->o various Plates of Chucks, Tools, and Instrumeiiti) and 
UireeiiuKS for using the Eccentric Cutter, Drill, Vertical Ciuler, ard 
Circular Rest; with Patterns and Iiisiruclioua for workirg ibcui. 
umo tl-2S 

rURNINO: Specimens of Fancy Turning Executed on Ihe 
Hand or Foot-Lathe ; 
Willi Geometric, Ovfll, and Eccentric Chttck?, and Elli|ilicnl Culling 
rranic. fly an Amateur. lUuslrated by 30 exqiiisile Phologiaphi 

URBIN— BRULL.— A Practical Guide for Puddling I 

Steel. 
By Eu. UmiiN, Engineer of Arts anJ Munufactures. A Prize E 



i 
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read before the Association of Engineers, Graduate of the School bf 
Mines, of Liege, Belgium, at the Meeting of 1865-6. To which is 
added A Comparison of the Resisting Properties of Iron and 
Steel. By A. Brull. Translated from the French by A. A. Fes- 
QUET, Chemist and Engineer. 8vo. . . . . |5i.oo 

VAILE.— Galvanized- Iron Cornice- Worker's Manual: 

Containing Instructions in Laying out the Different Mitres, and 
Making Patterns for all kinds of Plain and Circular Work. Also, 
Tables of Weights, Areas and Circumferences of Circles, and other 
Matter calculated to Benefit the Trade. By Charles A. Vaile. 
Illustrated by twenty-one plates. 4to 1^5.00 

VILLE. — On Artificial Manures : 

Their Chemical Selection and Scientific Application to Agriculture. 
A series of Lectures given at the Experimental Farm at Yincennes, 
during 1867 and 1874-75. By M. Georges Ville. Translated and 
Edited by William Crookes, F. R. S. Illustrated by thirty-one 
engravinL's. 8vo,, 450 pages ...... ;|(6.oo 

VILLE.— The School of Chemical Manures : 

Or, Elementary Principles in the Use of Fertilizing Agents. From 
the French of M. Geo. Ville, by A. A. Fesquet, Chemist and En- 
gineer. With Illustrations. i2mo. . . . . 1^1.25 

VOGDES.— The Architect's and Builder's Pocket- Companion 
and Price- Book : 

Consisting of a Short but Comprehensive Epitome of Decimals, Duo- 
decimals, Geometry and Mensuration ; with Tables of United States 
Measures, Sizes, Weights, Strengths, etc., of Iron, Wood, Stone, 
Brick, Cement and Concretes, Quantities of Materials in given Sizes 
and Dimensions of Wood, Brick and Stone; and full and complete 
Bills of Prices for Carpenter's Work and Painting ; also. Rules for 
Computing and Valuing Brick and Brick Work, Stone Work, Paint- 
ing, Plastering, with a Vocabulary of Technical Terms, etc. By 
Frank W, Vogdes, Architect, Indianapolis, Ind. Enlarged, revised, 
and corrected. In one volume, 368 pages, full-bound, pocket-book 

form, gilt edges jf(2.00 

Cloth . . -•••••• 1.50 

WAHL. — Galvanoplastic Manipulations: 

A Practical Guide lor the Gold and Silver Electroplater and the Gal- 
Tanoplaslic Operator. Comprising the Electro-Deposition of all 
Metals by means of the Battery and the Dynamo-Electric Machine, 
as well as the most approved Processes of Deposition by Simple Im- 
mersion, with Descriptions of Apparatus, Chemical Products employed- 
in the Art, etc. Based largely on the *♦ Manipulations Hydroplas- 
tiques" of Alfred Roseleur. By William H. Wahl, Ph. D. 
(Heid), Secretary of the Franklin Institute. Illustrated by 189 en- 
gravings. 8vo., 656 pages $7-5^ 

WALTON.— Coal-Mining Described and Illustrated: 
By Thomas H. Walton, Mining Engineer. Illustrated by 2^ large 
and elaborate Plates, after Actual W^orkings and Apparatus. $5.00 
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WTARE.— The Sugar Beet. 

Including a History of the Beet Sugar Industry in Europe, Varieties 
* of the Sugar Beet, Examination, Soils, Tillage, Seeds and Sowing, 
Yield and Cost of Cultivation, Harvesting, Transpt>rtalion, Conserva- 
tion, Feeding Qualities of the Beet and of the Pulp, etc. By Lewis 
S. Ware, C. E., M. E. Illustrated by ninety engravings. 8vo. 

WARN.— The Sheet-Metal Worker's Instructor: 

For Zinc, Sheet-Iron, Copper, and Tin- Plate Workers, etc. Contain- 
ing a selection of Geometrical Problems ; also. Practical and Simple 
Rules for Describing the various Patterns required in the different 
branches of the above Trades. By Reuben H. Warn, Practical 
Tin- Plate Worker. To which is added an Appendix, containing 
Instructions for Boiler- Making, Mensuration of Surfaces and Solids, 
Rules for Calculating the Weights of different Figures of Iron and 
Steel, Tables of the Weights of Iron, Steel, etc. Illustrated by thirty, 
two Plates and thirty-seven Wood Engravings. 8vo. . $3.00 

WARNER.— New Theorems, Tables, and Diagrams, for the 
Computation of Earth -work : 

Designed for the use of Engineers in Preliminary and Final Estimates^ 
of Students in En^^ineci ing, and of Contractors and other non-profes^ 
sional Computers. In two parts, with an Appendix. Part I. A Prac- 
tical Treatise; Part II. A Theoretical Treatise, and the Appendix, 
Containing Notes to the Rules and Examples of Part I.; Explana* 
tions of the Construction of Scales, Tables, and Diagrams, and a 
Treatise upon Ecjuivalent Square Bases and Equivalent Level Heights. 
The whole illustrated by numerous original engravings, comprising 
explanatory cuts for Definitions and Problems, Stereometric Scales 
and Diagrams, and a series of Lithographic Drawings from Models : 
Showing all the Combinations of Solid Forms which occur in Railroad 
Excavations and P^mbankments. By John Warner, A. M., Mining 
and Mechanical Engineer. Illustrated by 14 Plates. A new, revised 
and improved edition. 8vo. ...... ^4.00 

WATSON.— A Manual of the Hand-Lathe : 

Comprising Concise Directions for Working Metals of all kinds. 
Ivory, Bone and Precious Woods; Dyeing, Coloring, and French 
Polishing; Inlaying by Veneers, and various methods practised to 
produce Elaborate work with Dispatch, and at Small Expense. By 
E<;nKRT P. Watson, Author of ♦♦ The Modern Practice of American 
Machinists and Engineers." Illustrated by 78 engravings. $1.50 

\/ATSON. — The Modern Practice of American Machinists and 
Engineers : 

Including the Construction, Application, and Use of Drills, Lathe 
Tools, Cutters for Boring Cylinders, and Hollow-work generally , with 
the most Economical Speed for the same ; the Results verified by 
Actual Practice at the Lathe, the Vise, and on the Floor. Togethcf 
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with Workshop Mana^^eincnt, Economy of Manufacture, the Steam- 
Engine, IJoiltrN, Ccar-, IJcliing, etc., etc. By EGBERT P. Watson. 
Illusiralcd by cii;htv six cnL;raviiij:[s: l2mo. . . . $2.50 
^VATSON.— The Theory and Practice of the Art of Weaving 
by Hand and Power : 
With. Calculations and Tables for the Use of those connected with the 
Trade. By JoiiN Watson, Manufacturer and Practical Machine 
Maker. Illustrated by large Drawings of the best Power Looms. 
8vo. . . . • 1^7.50 

-WATT.— The Art of Soap Making: 

A Practical IIantl-l)<»<)k of the Manufacture of Hard and Soft Soaps, 

Toilet Soai>s, etc., including many New Processes, and a Chapter on 

the Recovery of Glycerine from Waste Leys. By Alexandkr 

■ Watt. HI. i2mo. $300 

WEATHERLY.— Treatise on the Art of Boiling Sugar, Crys- 
tallizing, Lozenge-making, Comfits, Gum Goods, 
And other processes for Confectionery, etc., in which are explained, 
in an easy and familiar manner, the various Methods of Manufacture 
ing every Description of Raw and Refined Sugar Goods, as sold by 
Confectioners and others. i2n)o. ..... 1^1.50 

WEDDING.— Elements of the Metallurgy of Iron. 

By Dr. Hkrmann Weirding, Royal Privy Counsellor of Mines, Ber- 
lin, Prussia. Translated from the second revised and rewritten Ger- 
man edition. By William T. Brannt, Graduate of the Royal Ag- 
ricultural College at Eldena, Prussia. Edited by William H. 
Wahl, Ph. D., Secretary of the Franklin Institute, Philadelphia, 
Illustrated by alx)ut 250 engravings. 8vo., about 500 pages {^In prep- 
aration.') ......... 

WEINHOLD.— Introduction to Experimental Physics, Theo- 
retical and Practical. 
Including directions for Constructing Physical Apparatus and for 
Making Experiments. By Adolf F. Weinhold, Professor in the 
Royal Technical School at Chemnitz. Translated and edited, with 
the author's sanction, by Benjamin Loewy, F. R. A. S., with a 
preface, by G. C. Foster, F. R. S. Illustrated by three colored plates 
and 404 wood -cuts. 8vo., S48 pages .... %t.QO 

WIGHTWICK.— Hmts to Young Architects : 

Comprising Advice to those who, while yet at school, are destined 
to the ProfebMon ; to such as, having passed their pupilage, are about 
to travel ; and to those who, having completed their education, are 
about to practise. Together with a Model Specification involvii.g a 
great variety of instructive and suggestive matter. By GeorGK 
"WiGHTWiCK, Architect. A new edition, revised and considerably 
enlarged ; comprising Treatises on the Principles of Construction 
and Design. By G. Huskisson Guillaume, Architect. Numerous 
lUustraliorfs. One vol. i2mo iPii.OO 

WILL.—Tables of Qualitative Chemical Analysis. 

With an Introductory Chapter on the Course of Analysis. By Pro- 
fessor Heinrich Will, of Gie^sen, Germany. Third American, 
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from the eleventh Clerman edition. Edited by Charles F. Himes. 
IMi. I)., Professor of Natural Science, Dickinson College, Carlisle, Pa 

8vo. $1.50 

WILLIAMS.— On Heat and Steam : 

Kmbracini; New Views of Vaporization. Condensation, and Explo- 
sion, liy Charlks Wyk Williams, A. 1. C. E. Illustrated 8vo. 

WILSON.— A Treatise on Steam Boilers ^ 

Their Strength, Construction, and Economical \Vorking. By Robert 
Wilson. Illustrated I2nu) $2.50 

WILSON.— Cotton Carder's Companion: 

In which is yiven a description of the manner of Picking, Baling, 
Marketing, ()|)ening, and Carding Cotton ; to which is added a list of 
valuable Tables, Rules, and Receipts, by Foster Wilson. i2mo. 

WILSON.— First Principles of Political Economy : 

With Reference to St itesnianship and the Progress of Civilization. 
By Professor W. I). Wilson, of the Cornel! University. A new and 
revised edition. i2mo. ....... j(5i.50 

WOHLER.— A Hand book of Mineral Analysis. 
By F. Wt")iiLKR, i^n)fess()r of C'hemistry in the University of Gottin- 
gen. Eilited by IIknry B. Nason, Professor of Chemistry in the 
Renssalaer Polytechnic Institute, Troy, New York. Illustrated 
l2nio. .......... $3.00 

WORSSAM.— On Mechanical Saws: 

From the Transactions of ihe Society of Engineers, 1869. By S. W. 
Worssam, Jr. Illustrated by eighteen largn? plates. 8vo. . I2.50 



RECENT ADDITIONS. 

ANDERSON— The Prospector's Hand-Book: 

A Guide for the i'rospector and 'iraveler in Search of Metal Bearing 
or other Valuable Minerals. By J. W. Anderson. 52 Illustrations. 
l2mo. . . . , . .51.^0 

BILGRAM.— Slide-Valve Gears ; 

A new, graphical method for Analyzing the Action of Slide- Valves, 
moved by Eccentrics, Link Motions, and Cut-off Gears, offering easy 
means for properly designing Valves and Valve-Gears, and for estab- 
lishing the comparative merits of their various constructions. By 
HiJ<;o BiLORAM, M. E. Illustrated. i6mo. . . . ;jii.oo 

CREW.— A Practical Treatise on Petroleum : 

Coniprisin«^ its Gcoj^rnphical Disiiihulion, its Geology, Chemistry, 
Mining, Refining, Preparation, and Uses. 'ro<4ctiier vvitli a J)c.«icrip- 
tion of (ias Wells and the Application of Gas as 1\k1, etc. By 
Bkn'JAMIN J. Ckkw. Illustrated. Svo. (In preparation.) 

CROOKES.— Select Methods in Chemical Analysis (Chiefly 
Inorganic) : 
TJy William Crookks, F. R. S., V. W C. S. 2d edition, rewritten 
and greatly enlarged. Illustrated by 37 wuotl-culs. 725 pp. 8vo. $9.50 
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DAVIS. — A Treatise on Steam-Boiler Incrustation and Meth- 
ods for Preventing Corrosion and the Formation of Scale : 
By Charles T. Davis. Illustrated by 65 engravings. 8vo. $2.00 

DAVIS.— The Manufacture of Paper : 

Being a Description of the various Proces'ies for the Fabrication, 
Coloring and Finishing of every kind of Paper, Including the Dif- 
ferent Raw Materials and the Methods for Determining their Values, 
the Tools, Machines and Practical Details connected with an intelli- 
grnt and a profitable prosecution of the art, with special reference to 
the best American Practice. To which are added a History of Pa- 
per, complete Lists of Paper- Making Materials, List of American 
Machines, Tools and Processes used in treating the Raw Materials, 
and in Making, Coloring and Finishing Paper. By Charles 
T. Davis. Illustrated by 156 engravings. 500 pages, 8vo. ;$>6.oo 

Hand-Book of Useful Tables for the Lumberman, Fkrmer and 
Mechanic : 
Containing Accurate Tables of Logs Reduced to Inch Board Meas- 
ure, Plank, Scantling and Timber Measure; Wages and Rent, by 
Week or Month; Capacity of Granaries, Bins and Cisterns; Land 
Measure, Interest Tables, with Directions for Finding the Interest on 
any sum at 4, 5, 6, 7 and 8 per cent., and many other Useful Tables. 
32 mo., boards. 186 pages . ..... .25 

MAKINS.— A Manual of Metallurgy: 

By George Hogarth Makins, M. R. C. S. S. C. S. Illustrateii 
by 100 engravings. Second edition rewritten and much enlarged. 
8vo., 592 pages . . . . . . . : . I5300 

ROPER. — Instructions and Suggestions for Engineers and 
Firemen : 
By Stephen Roper, Engineer |^2.oo 

ROPER. — The Steam Boiler : Its Care and Management : 
By Stephen Roper, Engineer. i2mo., tuck, gilt edges . ;^2.oo 

ROPER. — The Young Engineer's Own Book: 

Containing an Explan \tion «jf the Principle and Theories on which 
the Steam Engine as a Prime Mover is Based. By Stephen Roper, 
Engineer. 160 illustrations, 363 jxiges. i8mo„ tuck . $3.00 

ROSE. — Modern Steam-Engines : 

An Elementary Treatise upon the Steam-Engine, written in Plain 
language ; for Use in the Workshop as well as in the Drawing Office. 
Giving Full Explanations of the Construction of Modern Steam- 
Engines : Including Diagrams showing their Actual operation. Tq- 
gether with Complete but Simple Explanations of the operations of 
Various Kinds of Valves, Valve Motions, and Link Motions, etc., 
thereby Enabling the Ordinary Engineer to Clearly Understand the 
Principles Involved in their Construction and Use, and to Plot out 
their Movements upon the Drawing Board. By Joshua Rose, M. E., 
Author of «*The Complete Practical Machinist," "The Pattern 
Maker's Assistant," "The Slide Valve" and " Mei.hanical Drawing 
Self- Taught." Illustrated by over 4C0 engravings, la one volume, 
4to, 320 pages . . . . . . . ... $6,0O 
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THE TECHNO-CHEJVIICAL 
U RECEIPT BOOK: ■ 

several Thousand Receipts, covering the Latest. Moat 

Important and Most Useful Discoveries In Chemical 

Technoloffy. and their Practical Application 

in the Arts and the Industries. 

Edited chiefly from the German of Drs. Winckler, Eisner, f leintic, 
^_ Mierzinski, J^cohseii, Koller, and Heinierling, ^^ 

^P WILLIAM T. BRANNT, ^| 



■WILLIAM H. WAHTi, PH. D. (Held.), 

lUuBtrated by Seventy-eiEht nogravloBs. 
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